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ABSTRACT 
Photosynthate translocation in the soybean was studied 
using tritiated water as the only isotopic compound. 
Data obtained for the distribution of THO and T-photo-
synthate of the intact soybean plants under the semi-closed 
system were similar to that of the closed system (petiole and 
stem sections were greased by lanolin). Though the soybean 
petiole was found to be capable of water exchange with the 
surrounding moisture via the stomata, there was little or no 
THO loss since the THO was never present at any significant 
distance from the leaflet. In the absence of light, trans­
piration was observed at a very slow rate as judged by the 
THO administration of soybean petiole. THO transport in ex­
cised petiole sections was studied by means of an agar-
diffusion technique. The pattern of this transport can be 
best described by the model of THO self-diffusion in a path 
2 mm in diameter. 
An attempt was made to distinguish between diffusion and 
mass flow of water during photosynthate translocation by 
means of the following mathematical models. Model I: Self-
diffusion of THO, using Pick's Law. The water and photosyn­
thate are considered as moving independently. The former is 
considered as an equilibrated single pool, in an environment 
of constant specific activity, generating a radioactive pro­
vii 
file as a result of self-diffusion. Model II: Mass Flow, 
with water exchange between the phloem and the surrounding 
tissues. The conducting bundle, 0,2^fo of the total cross-
section, is the entire phloem, and water is assumed to ex­
change freely. The mathematical solution for the second 
model was obtained by Fortran programming on the digital com­
puter and compared with experimental data, suggesting that 
mass flow is not a dominant process in soybean photosynthate 
translocation. 
1 
I. INTRODUCTION 
Despite all the effort devoted to the problem of trans­
location in plants over the past forty years, physiologists 
today find themselves in virtually as much disagreement as 
their predecessors when it comes to explanation of the mechan-
ism(s) of transport in plants. In general, translocation in­
volves the uptake of water and minerals through the roots and 
conducting xylem, and the upward and downward movement of the 
photosynthetlc products via the phloem in plants. The mechan­
ism for xylem and phloem movement are quite different, since 
they are anatomically and physiologically different. In this 
thesis, the studies of translocation have been confined to 
the downward movement of the assimilates. 
Despite the different hypotheses concerning the mechanism 
which have been proposed, nevertheless, some findings of the 
experimental facts pertaining to this problem have been con­
firmed and generally accepted by all, Meyer and Anderson 
(33) have provided the following summary. First, it is essen-
t' 
tial that the conducting elements of the phloem be living; 
translocation stops when the cells are killed. Second, ex­
periments showed that the movement may be bidirectional, as 
both carbohydrates and phosphates move both up and down in 
the phloem. However, this does not Involve bidirectional 
movement through the same phloem bundle at the same time. 
Third, rather large amounts of material are transported at a 
2 
speed inexplicable by simple diffusion. Lastly, it has been 
presumed that sucrose was the main sugar commonly trans­
located in plants. This was confirmed by Vernon and Aronoff 
(51) from their work involving radioactive tracer techniques, 
later. Canny (9) suggested the following: first, the sucrose 
movement occurs as a result of a concentration gradient in 
the phloem. Second, the bidirectional movement of different 
substances can occur in the same group of sieve tubes simul­
taneously. This finding is obviously contradictory to that 
of Biddulph's original data. Third, through the stylets of 
aphids, which penetrate directly to the sieve tubes, a solu­
tion of sucrose of concentration about 5-20^ is exuded. As 
a result, a high turgor pressure was suggested as being in 
the sieve tubes of the sucrose solution. As no nuclei are 
found in the mature sieve elements, the mature sieve cells are 
generally considered as being metabolically inert. 
The historical literature on translocation is volumin­
ous; a thorough review has been written recently (Crafts 
(13)), Current hypotheses concerning possible mechanisms of 
translocation in plants include 1) mass flow, 2) protoplasmic 
streaming, 3) activated diffusion, 4) molecular transfer and 
5) bio-electric potential. In the light of the availability 
of the review, this section will be concerned primarily with 
the citation of relatively current publications. 
The mass flow hypothesis was first described by Mxlnch 
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in 1927 (38). The theory postulates an aqueous solution flow­
ing in the sieve cells, carrying the photosynthetic products 
passively. Since the osmotic pressure of the leaf cells is 
always maintained at a relatively high value as a result of 
photosynthesis, while the osmotic pressure of the root cells 
is presumably lower, because of the constant metabolic activ­
ity which utilizes sugars, movement occurs as a result of the 
difference of turgor pressure between the two ends of the 
system. 
Among the experimental evidence given in support of the 
mass flow hypothesis, is that of the exudation of phloem sap 
from the sieve elements (12), which takes place at rates 
varying from 0.01 to 0,1 c,c, per minute. This observation 
suggested the occurrence of a mass flow under pressure in the 
phloem elements of intact stems. In 1953» Kennedy and Mittler 
(27a) first devised a method of obtaining phloem sap from 
Salix stems via the proboscis of aphids. They observed that 
wilting leaves were less acceptable to the aphids, from which 
it was concluded that the aphids depended on the turgor pres­
sure in the plant tissue rather than their own sucking power. 
Later, Mittler (36) worked on the amino acid composition of 
phloem sap, from which he reported that there was no differ­
ence in the chemical composition between the phloem sap and 
the honey-dew excreted by the aphids. However, the concen­
tration of the amino acids analyzed from the sap was higher 
4 
than that of the excretion. By employing a similar tech­
nique, Weatherley ejt sd, (5^) observed that the sap was flow­
ing out continuously from the sieve tube for many hours via 
the cut end of the aphid stylet. By connecting a capillary 
tube to the stylet, the rate of exudation was measured to be 
equivalent to a movement of 100 cm/hr or through 100 sieve 
elements per minute in the willow tree. Sucrose was the main 
solute to flow out with the phloem sap. They also reported 
that they failed to stop the outflowing sap by girdling the 
stem directly above or beneath the exuding stylets. Thus, 
it was suggested that a rapid sealing occurred within the in­
jured sieve tube as well as a change of supply reservoir from 
leaves to storage cells in the stem. Zimmermann's (55) data 
involving the puncture of the bark in Fraxinus americana. as 
well as those of Canny's (8) on the feeding of C^^02 to the 
leaf of willow tree on which an aphid stylet had been im­
planted, were also in favor of the mass flow hypothesis. Des­
pite this evidence, the mass flow hypothesis possesses several 
weaknesses as a theory. First, the phloem is not in the form 
of an uninterrupted long pipe; they are terminated by sieve 
plates, whose pores are lined by callose, a glucose polysac­
charide. The calculated resistance of the summed conducting 
elements seems to be too great for mass flow movement to 
occur. Third, evidence is available for simultaneous bi­
directional movement of substances. In addition the retard­
5 
ing effects of low temperature (16) and oxygen deficiency 
suggest an active participation, rather than a passive role. 
Though callose Is observed in sieve pores, Crafts and Currier 
(11) explain its function in older or wounded elements as a 
constricting or plugging action, as suggested by the quick 
formation of callose within seconds upon stimulation by tur­
gor changes, foreign chemicals, change of alkaline pH, and 
high sucrose concentration. Consequently, callose was sus­
pected as playing a role in the control of translocation. In 
view of its rapid formation, one may suspect that the callose 
observed in young sieve cells could be due to the damage to 
the cells during the course of sample preparation. It was 
pointed out by Zimmermann (56) that it would be very diffi­
cult to accept the observation of the continuous exudation of 
phloem sap with high sugar concentration and rate as flowing 
out from a single sieve element of 20-30 microns in diameter 
and 0.4 millimeter long, without giving some consideration to 
relate its mechanism to the mass flow theory. From their re­
cent studies of photosynthate flow as shown by fluorescence 
microscopy of phloem tissue and by the high resolution auto­
radiography, Blddulph and Cory (6) reported that the flow of 
assimilates occurred as a "source to sink" system. Little 
lateral transport and general mixing of the moving trans­
locates among the adjacent source-sink channels were observed. 
They are inclined to agree with Zimmermann that the evidence 
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obtained thus far for the occurrence of bidirectional move­
ment in a sieve tube was not incompatible with the mass flow 
theory. As a whole, the mass flow hypothesis is thermodynam-
ically sound. However, the anatomy of the sieve plates re­
mains as the main obstacle preventing the hypothesis of be­
coming a sound theory, 
Hartig and other pioneer nineteenth century investigators 
(21) originated the idea of protoplasmic movement in the 
phloem. The principle behind the hypothesis was that the 
protoplasm circulated inside the sieve tube elements, catch­
ing the solute molecules in the protoplasmic matrix and car­
rying them from one end to the other. Diffusion has been sug­
gested as the principal mechanism for the solute molecules to 
travel between two sieve tube elements, since diffusion over 
short distances can occur very rapidly even though the mole­
cules are moving along a gradient which Is not very steep. 
This theory would also account for the bidirectional movement 
of solutes occurring simultaneously. However, such movement 
can not be found in mature sieve elements, and the calculated 
rates of protoplasmic streaming theory proposed for the down­
ward translocation are Inadequate to account for the rate of 
the actual solute movement. These considerations tend to 
vitiate this hypothesis, Recently, the protoplasmic streaming 
hypothesis has been revived by Thalne (46, 49) and revised to 
accomodate the transcellular protoplasmic streaming theory. 
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This hypothesis depends on the existence of transcellular 
tubular strands which cross the sieve tube lumina and pass 
through the sieve pores. Thus, it provides a structural basis 
for cytoplasm to communicate throughout the vascular system. 
A circulation system exists to carry the assimilates out of 
the leaf with mobile fluid matrix which then moves back after 
discharging the solutes. Such movement is primarily a fluid 
flow phenomenon and is directly dependent on the respiration 
for its motive force (4?, 50). The actual existence of the 
transcellular strands in sieve tube has been argued (Esau et 
al. (17)» Thaine (48)), Esau et observed that the usual 
cytoplasmic streaming was confined to a single cell, and they 
failed to locate the similar streaming in the mature sieve 
elements of Primula obconica petiole. Furthermore, they 
criticized that the transcellular strands reported by Thaine 
as being merely artifacts. They suggested that the unnatur­
ally straight lines were caused by diffraction of light beam 
from the adjacent cell walls out of focus, as lines were 
clearly visible in dead cells as in living. Besides, the 
cells which Thaine examined were not necessarily sieve cells. 
Evert and Derr (I8) reported the existence of fine strands, 
each with diameter less than 0,^/c, located between sieve cells. 
However, they were much smaller than those reported by 
Thaine, In no event, were there more than five of these 
fine strands observed in a single sieve pore, of which less 
8 
than 30^ of the area was occupied. The presence of Inter-
vacuolar continuity between cells enabled them to support the 
mass flow theory. In favor of Thaine's proposal. Canny and 
Phillip (10) explained transcellular streaming in terms of 
simple mathematics. Working with the bark of Carpinus caro-
liniana Walt., Parker (4o) confirmed the presence of tubular 
strands in young coniferous sieve cells by using the electron 
microscopic technique. He suggested the reason why most of 
the investigators failed to see the strands was that the 
structure of the cells can be easily damaged during the pro­
cedures involving embedding and fixation. Inasmuch as the 
hypothesis is physiologically sound, some of the immediate 
objections are yet to be overcome, such as the energy require­
ment for the mass transfer by cyclosis as being Just too high. 
Besides, the location of the energy-releasing reactions and 
the manner in which the energy is utilized are virtually un­
known, Also studies under the electron microscope revealed 
that the sieve pores are occasionally filled with callose; 
consequently, the cell to cell movement would be prevented, 
Biddulph and Cory (5) observed that both the upward and down­
ward movement of tracers occurred in separate, mature phloem 
bundles, whereas two tracers moved in opposite direction 
through the same younger phloem bundles. Such phenomena en­
abled them to conclude that both mass flow and transcellular 
streaming mechanisms were applicable to transport in plants. 
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However, this idea was recently withdrawn and they confirmed 
that the bidirectional movement actually occurred in separate 
phloem bundles (6). Weatherley (53) has proposed a compro­
mise between these two hypotheses for the translocation 
mechanisms. 
Above all, the hypothesis depends on the existence of 
the plasmodesmatic strands. Without the presence of such 
strands, the hypothesis is of no value to the translocation 
mechanism. Although the existence of these strands between 
the sieve tubes is questioned by some, it is generally accept­
ed by most investigators. However, the proposed function of 
these tubular strands is still highly hypothetical. Under 
the present available technique, the observed movement of 
photosynthate via the strands is still in doubt. Not until 
the actual function of these transcellular strands is clari­
fied, can this hypothesis be regarded as the mechanism for 
translocation. 
The idea of activated diffusion was first introduced by 
Czapek, an early nineteenth century investigator (14). He 
concluded from his experiments that the living protoplasm has 
some vital ability to take up materials from one place to 
another. Mason and Maskell (32b, 33) observed a much higher 
rate of the downward solute movement than a normal diffusion 
rate of 2% sucrose solution would allow. Since the downward 
sugar concentration profile mimicked a diffusion gradient. 
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they concluded that the transport occurred through stationary 
cytoplasm. Mason and Phillis (34) postulated the activated 
diffusion theory. They suggested that the protoplasm of 
sieve elements was. In some manner, capable of hastening the 
diffusion of solutes either by "activating" the diffusing 
molecules, or by decreasing the resistance of the protoplasm. 
However, no clearer picture of the exact mechanism was pre­
sented. 
In 1956, Kursanov (28, 30) proposed the molecular trans­
fer hypothesis. The Idea was that the movement In which the 
molecules were transported was Independent of the flow of 
liquid, and occurred as an active transfer of the molecules 
themselves, as a result of the biochemical activities of the 
conducting cells. The energy required for such movement was 
supposed to come from the metabolism of the sieve cells or 
their companion cells. It was a "self-regulation of meta­
bolic process". The studies of enzymes of the vascular 
bundles in sugar beet confirmed the presence of hexoklnase, 
aldolase as well as succinic dehydrogenase (31). Kursanov 
suggested that respiration was likely to proceed by way of 
glycolysis and the Krebs cycle. On the contrary, invertase 
was absent, which was linked to the stability of sucrose in 
the translocation stream. Heber and Brink (23) obtained 
labelled glucose diphosphate and uridine diphosphate glucose 
from the non-chloroplastlc part of the photosynthetic cells. 
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They suggested that these two compounds were Involved in the 
synthesis of sucrose in the cytoplasm of the green cells in 
leaves since the initial labelling of sucrose was rather slow. 
Further evidence was obtained from the transport experiments 
involving the utilization of adenosine-5'-triphosphate (ATP), 
as movement of assimilates was accelerated when the leaves 
were enriched with it (29, 31). This phenomenon enabled 
Kursanov to seek an intimate relation between the phosphory­
lation of sugars and their translocation movement. Therefore 
phosphate was suggested as playing the role of an activator 
or carrier during the transport process in sieve cells. How­
ever, histochemical evidence indicated that sieve elements 
are relatively inactive metabolically; it is doubtful that 
the required energy for the transport of photosynthate can be 
generated within the immediate areas of the sieve elements. 
The concept is still very hypothetical and considerable addi­
tional evidence is needed to support the theory. 
The bio-electric potential theory was first Introduced 
by Pensom in 1957 (19). Having examined the electro-osmosis 
and streaming potentials in xylem and phloem, he concluded 
that such bio-potentials were sufficiently large to cause the 
transport and that they operated in a direction to assist it, 
A simple physical system was described to explain the prin­
ciple behind the theory. By applying the electromotive force 
across the ends of a capillary tube, the volume of liquid 
12 
moved up directly proportional to the difference of poten­
tials between the two ends. By analogy, ^  vivo the sieve 
tube substitutes as the capillary tube. The crucial portion 
of the conducting elements was the sieve plates. The sieve 
plates may become charged by respiration of sugars on one 
side, production of H"*" and HCO^, and faster diffusion of H"*" 
through the barrier, thus resulting in streaming potentials 
across the sieve plates. Also the transpiration has to be 
maintained at a fairly rapid rate so that a high streaming 
potential can be obtained in the xylem. The potentials 
across the sieve plates may be increased by the leaked poten­
tials from the xylem. In a similar theory. Spanner (45) sug­
gested that potassium or other ions were responsible for the 
build-up of the electrical potentials across the sieve plates. 
This involved the active uptake of potassium ions by the com­
panion cells. Therefore the transport was activated by a 
mechanism located at the sieve plates and the flow which re­
sults passes along a sawtooth pressure gradient. Dainty (15) 
suggested that the determination of the electrochemical poten­
tial difference for each ion should be the first object of in­
vestigation for the further establishment of this theory. 
Indeed, it is rather difficult to visualize how these inor­
ganic ions can build up so systematically in all opposite 
adjacent sieve plates, which is required to initiate the 
movement of solutes by the bio-electric potential gradient 
13 
established within the phloem. 
Recently, the use of tracers as a method of study of 
this problem has become very common. With the availability 
of liquid scintillating techniques, work with the weak p-
emitting isotopes, such as tritium and carbon-1^, could be 
made to give satisfactory results, Biddulph and Cory (4), 
and Gage and Aronoff (20) originally worked on the problem 
of simultaneous water movement. However, the measurements of 
tritium activity was greatly handicapped by not having a con­
venient and sensitive P-emission detector available. Since 
then, Aronoff and Choi (3) have determined the specific activ­
ities of both photosynthetic sugars and the water of soybean 
leaves equilibrated with THO. Their studies suggested that 
the photosynthetic sugars were synthesized by utilization of 
the available water in the leaves. Thus, the radioactivity 
of the sugars never exceeded their theoretical values calcu­
lated from the value of water. In their experiment of the 
equilibration of THO-vapor in soybean leaf as a function of 
time, results suggested that complete equilibrium was attained 
rapidly within 50 minutes under the described feeding system. 
Consequently, the fate of this water could be used, in theory, 
to distinguish between mass flow and other theories. That is, 
were the water to flow en mass, then a gradient should be 
found along the stem, paralleling that of the tritlated 
sucrose formed photosynthetlcally. 
14 
The search for this trltiated water gradient, and prob­
lems associated with it, as concomitant diffusion, form the 
basis for this thesis. 
15 
II. EXPERIMENTAL 
A. Materials 
1. Plant 
Soybean plants, Hawkeye variety, were grown in a temper­
ature -control led chamber, 70" z 30" x 45". "Gro-Lux" light 
was supplied daily between 6:00 A.M. to 8:00 P.M., making a 
total of 14 hours of lighting per day. Plants were not used 
until after the third trifoliate leaf had begun to expand. 
The primary leaves and the stem just beyond the first tri­
foliate leaf node, as well as the two sided leaflets, were 
excised. However, the trifoliate leaves used in Expts. B, 
1-5 were intact. All cuts were well greased by applying 
petrolatum. Each of these soybean plants was preconditioned 
for at least one day prior to experimentation. Healthy and 
intact plants were used. 
2. Agar 
Agar tablets, agar agar No. 3» weighed approximately 
0.11 gram per tablet, were manufactured by the "Oxoid", Divi­
sion of the Oxo Limited, London, Each tablet, along with 10 
ml. of distilled water, was autoclaved for 15 minutes at 15 
lbs, per square inch and 121°C to give an approximate 1^ solu­
tion, While the agar solution was still hot, it was trans­
ferred to containers for molding if necessary. 
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3. Badlolsotopes 
THO (specific activity 10 mc/ml) was used throughout all 
the feeding experiments. For the purpose of correcting 
quenched T-photosynthate samples, THO with a specific activ­
ity of 2.156 X 10^ dpm/ml, manufactured by the Packard Instru­
ment Co., Inc., LaGrange, Illinois, was diluted to the level 
of activity to be used as an internal standard. T-toluene 
(specific activity 2.09 x 10^ dpm/ml), also manufactured by 
the Packard Instrument Co., Inc., was used as radioactive 
1 h, 
source for the non-aqueous solvent samples. C -labelled 
aqueous sucrose solution with a specific activity of 2.^3 % 
10^ dpm/ml was prepared in this laboratory. 
The counting efficiencies of the liquid scintillation 
14 
counter for THO, T-toluene and C -labelled sucrose were 
approximately 10^, 25^ and 70^ respectively. 
B. Methods 
1. Preparation of the aqueous and non-aqueous 
chlorophyllous soybean leaves extracts for the 
determination of quenching effect of THO samples 
Aqueous chlorophyllous solution was prepared by extract­
ing three soybean trifoliate leaves twice each with 50 ml. of 
80^ aqueous ethanol for 15 minutes. Most of the pigments 
were dissolved in the hot ethanolic solution. The solution 
was allowed to cool down to room temperature prior to parti­
tioning three times each with 50 ml. of Skelly F (a petroleum 
17 
ether, b.p. range 35°C~60°C) to remove the plastid. pigments. 
The ethanolic solution was dried by means of a rotatory flash 
evaporator at 40°C. The dry extracts were redissolved in JO 
ml, of distilled water, and pigment solutions of 1, 2, 5, 10, 
20, 50f 100 and 200 fold dilution were prepared. In order to 
determine the accuracy of the relative concentrations of the 
various pigment solutions prepared by dilution, an aliquot of 
each %as drawn to check their absorbancy with a Gary 14 spec-
o 
trometer at 4,370 A, one of the two optimal wavelengths for 
chlorophyllous solutions. 
The THO assay of samples of these solutions was similar 
to that of Section B-3, except that the volume of distilled 
water was replaced by the aqueous chlorophyllous solution for 
each of triplicate samples. 
Non-aqueous chlorophyllous solution was prepared by dis-
solving chlorophyll in p-dioxane solvent to 1,12 x 10 M, 
The chlorophyll was prepared by Mr, Merrill Nissen of this 
laboratory. The scintillation solvent system (22) was differ­
ent from that of the aqueous samples. It was composed of 5 
grams of PPG (2,5-diphenyl oxazole) and 0,3 gram of dimethyl 
POPOP (l,4-bis-2(4-methyl-5-phenyloxazolyl)-benzene) in a 
liter of toluene solvent. The advantage of using this sol­
vent system for non-aqueous chlorophyllous solvent was that 
the solvent system can stand up to -30°C without freezing. 
Samples were prepared in duplicate. 
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2. Administration of THO to soybean leaf 
The complete feeding apparatus Is shown in Pig. 1. A 
special feeding chamber, made of Plexiglas, was constructed 
in such a manner that a maximum of four plants could be fed 
simultaneously. Half of the chamber was covered with heavy-
duty aluminum foil so that the plants might not be illumin­
ated throughout the feeding experiment. The chamber is shown 
in Fig. 2, The administration of THO vapor to the leaf was 
performed by Inserting the THO, varied from 20-100 /fl., into 
the closed system by means of a hypodermic needle and micro-
syringe. The vaporized THO from the bubbling chamber was 
allowed to circulate in the dark for a period ranging from 
40-60 minutes, then non-radioactive carbon dioxide, formed 
by the reaction between barium carbonate and 10% perchloric 
acid, was fed during a 20-30 minute light period. As soon as 
the feeding was complete, the plant was sectioned quickly 
into 2-cm. portions, each of which was stored separately in 
liquid nitrogen. In the event that the petiole was to be 
sectioned into 5 mm. or 10 mm, portions, the petiole was 
frozen by immersing in the liquid nitrogen prior to section­
ing in order to prevent the evaporation of THO, 
3. THO and T-photosynthate assays 
The distilling apparatus is shown in Fig. J, Each sec­
tion, 2-cm. or shorter, together with 3,0 ml, of distilled 
water, was placed in one arm of the distilling apparatus, and 
Fig. 1. Apparatus for administration of THO 
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Fig. 2. Special feeding chamber for one or more plants 
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Pig. 3. Distilling apparatus 
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allowed to remain In contact with the water for at least two 
hours, until equilibrium was attained. Sugars diffused out 
of the section during this period. It was desirable to 
freeze and thaw the contents repeatedly in order to speed the 
sugar-diffusion into the aqueous solvent. Prior to evacua­
tion of the apparatus by mechanical pump, the contents were 
frozen by immersion of the arm in a Dry-Ice cold bath. The 
arm containing the plant section was placed in a water bath 
at 4o-45°C, and the other arm was placed in a Dry-Ice bath. 
Distillation was continued for at least 5 hours. The valve 
was opened in a fume hood, and the distillate was transferred 
to a labelled 20 ml. vial. Eleven ml. of dioxane and 6 ml. 
of concentrated scintillator solution were added in the hood. 
All THO samples were counted in the ^ -channel liquid scintil­
lation counter, model 3314, manufactured by the Packard In­
strument Co., Inc. at 50^ gain, the optimal setting. To the 
residue in the sample arm was added 3,0 ml, of distilled 
water in order to dissolve the photosynthates, These samples 
were treated similarly to the THO distillate-samples. All 
were counted to a preset time for at least three cycles. 
Prom the count rate given in the tables, appropriate counting 
errors could be calculated. 
Since most of the photosynthate-samples in all the ex­
periments were quenched as a result of the presence of pig­
ments, corrections were performed by means of an internal 
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standard. To each photosynthate-sample, a fixed quantity of 
THO with a known specific activity was added and recounted. 
The following equation was used in solving the correct activ­
ity for the quenched ssunples, 
^ = ^2 . A-, = ^2 Ql 
Ql Q2 ~ ^1 * Q2 ~ Qi 
where is the corrected count of the sample, 
is the count obtained from the quenched sample, 
A2 is the count obtained from the standard THO sample, 
Q2 is the count obtained from the sample with the 
standard THO added. 
4. Collection of THO-vapor from the 
petiole of soybean plant, whose leaflet 
was fed with THO-vapor 
The petiole chamber as well as the THO-vapor collection 
apparatus is shown in Pig. 4. As the length of different soy­
bean petioles is not uniform, the petiole chamber was always 
adjusted to encircle the portion of petiole which connected 
to the leaflet. Lanolin was used to seal possible leaks. 
The THO administration to the soybean leaflet was the same 
as those described in Section B-4. There were two identical 
THO-vapor collecting systems which connected jointly to the 
petiole chamber for both the dark equilibration and the sub­
sequent light period. An air stream was passed through the 
petiole chamber during the last 10 minutes of both periods 
separately. The vapor was carried out by the air stream to 
Fig, 4. Petiole chamber and THO-vapor collectors 
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a gentle bubble into the water trap, where a known amount of 
water was stored. The vapor was dissolved In the water. The 
air stream continued to pass through the cold trap before the 
air was allowed to escape from the system. An aliquot of 
water was withdrawn from both of the water traps to be anal­
yzed for their activities, A known quantity of water was also 
allowed to freeze on the walls of the cold traps prior to 
vapor-collection. Samples of water from the cold traps were 
also analyzed. The reason for establishing two vapor-
collecting systems was to determine if the light played a 
significant role in the control of the opening mechanism of 
the petioles* stomata, 
5. Administration of THO to soybean petiole 
The general procedure of THO administration to soybean 
petiole was similar to that of the soybean leaf, except that 
two circulating systems were employed by means of two mechan­
ical pumps. The leaflet was sealed in the regular glass 
chamber, where vaporized water circulated prior to the THO-
vapor administration to the petiole in order to maintain simi­
lar level of moisture in the leaflet chamber. The TKO was 
inserted into the petiole chamber by means of a micro-syringe 
and needle. Both systems continued to circulate until the 
feeding experiment concluded. Light was supplied during both 
or either of the two periods during the experiment, as 
described. 
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6, Procedure for liquid scintillation 
counting of samples with agar gel 
As an initial aspect in the studies of liquid scintilla­
tion counting of samples with agar, it was necessary to have 
the agar dissolved in the solvent system. This was accom­
plished by acidifying the aqueous medium in which the agar 
was immersed, by the addition of 25 /<1. of 5^ HCl. The 
acidic aqueous solution, together with the agar sealed in the 
20 ml. vial, was heated gently by steam for 15 minutes or 
longer until the agar was dissolved in the medium. It was 
important to select the proper amount of water for the count­
ing system. Moreover, the effect on the counting efficiency, 
caused by varying the quantities of agar present was also 
studied. After the agar was dissolved in the medium, the 
remaining steps for the liquid scintillating counting were 
as usual. The same amounts of p-dloxane, and concentrated 
scintillation solution were employed. 
7. Agar-diffusion technique for the THO 
transport in short excised petiole sections 
Excised soybean petiole, 11 mm. in length, was placed be­
tween two chambers which were filled with agar gel. One of 
the chambers contained tritlated agar, the reservoir, while 
the other contained plain agar to be used as the sink for the 
transport experiment. Two sets of transport experiments are 
reported. Experiments performed were identical for both sets 
except that no light was supplied for all the experiments of 
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one set. Twelve 11 mm. petiole sections were employed for 
each set of experiments. Every petiole section was reçut 
under water prior to experimentation. The excised petiole 
sections of both sets' first half experiments were greased 
with lanolin before sectioning under water whereas the latter 
half experiments' petiole sections were greased with petro­
latum only on the portion which was exposed to the air out­
side of the chambers. Thus the epidermis of the petiole in­
side the agar had direct contact with the tritlated agar. All 
agar gel was prepared in the same method as described in Sec­
tion A-2. While the agar solution was still hot, it was 
transferred carefully into each of the "sink" chambers by 
means of a capillary medicine dropper. The remaining hot agar 
solution was added with a known amount of THO. The hot tri­
tlated agar solution was stirred briefly before transfer into 
the "reservoir" chambers in the same manner. After cooling 
and gelation, the excised petiole was placed between the two 
chambers and transport allowed to proceed without interrup­
tion for two hours. The first four experiments of each set 
were done in such a manner that the THO was transported hori­
zontally; in the next four, the THO was to transport upward; 
and the last four were done in a manner that THO was trans­
ported downward. The direction of the petiole was reversed 
half of the time among each four experiments. The apparatus 
is shown in Fig. 5» 
Fig. 5. Apparatus for the diffusion of excised 
petiole section 
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III. RESULTS 
A, Determination of Quenching Effect 
of THO Samples by Pigments 
1. THO samples with aqueous ohlorophyllous extracts 
One of the main problems constantly associated with the 
liquid scintillation counting is quenching. Quenching, a 
process occurring in the sample, results in attenuated pulse 
heights and consequently affects the counting efficiency. In 
connection with the work involving the analysis of T-photo-
synthate, color quenching has always been a problem. It is 
due to the presence of pigments in the samples, and as a 
result the solution tends to absorb the light emitted by the 
scintillator. For all practical purposes, experiments were 
conducted to find out the quenching effect of THO samples as 
a function of pigment concentration, A plot of absorbancy, 
o 
measured at the wavelength, 4,370 A, against the relative 
concentration of pigments is shown in Pig, 6. The meaning of 
the straight line obtained is twofold. First, it validated 
the dilution technique for the preparation of various concen­
trations of pigment solution from the concentrated aqueous 
chlorophyllous extracts. Second, it demonstrated that the 
Beer-Lambert Law was obeyed within the range of selected pig­
ment concentration. The results of the radioactivity obtained 
from samples of various concentration of aqueous colloidal 
chlorophyll solution are reported in Table 1, A plot of 
Pig, 6, A plot of absorbs.ricy vs. the pigment concentration 
RELATIVE 
VjJ 
Os 
7 8 9 
CONCENTRATION, Co 
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Table 1. THO samples, radioactivity obtained as a function 
of aqueous pigments concentration 
Relative concentration of the Dilution Radioactivity 
pigments in the sample factor net count/minute 
Co 1 1,058 + 11 
5 X 10-1 Co 2 1,837 + 14 
2 X 10"! Co 5 2,545 + 16 
1 X 10"! Co 10 2,807 + 17 
5 X 10-2 Co 20 2,940 + 17 
2 X 10"2 Co 50 3,179 + 18 
1 X 10-2 Co 100 3,262 + 18 
5 X 10-3 Co 200 3,290 + 18 
Control, THO sample no pigment 3,335 + 18 
radioactivity against the pigment concentration is shown in 
Pig. 7. 
2. THO samples with non-aqueous 
chlorophyllous extracts 
The initial experiment involving THO samples containing 
aqueous chlorophyllous extracts failed to indicate a linear 
relation between the concentration of pigments and the 
quenching effect. Since a colloidal suspension was observed 
in the aqueous pigments solution, it is plausible that the 
scattering, caused by the suspended particles, might have 
contributed to the quenching. Therefore the experiment was 
Fig. 7. A plot of the THO activity vs. the relative aqueous 
pigment concentration 
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repeated in the non-aqueous chlorophyllous solution to elim­
inate the colloidal suspension from the THO samples. The 
results are presented in Table 2, Data were plotted simi­
larly and are shown in Pig. 8. 
Table 2. THO samples, radioactivity obtained as a function 
of non-aqueous pigments concentration 
Relative concentration of the Badioactivlty 
pigments in the sample net count/minute 
(C = 1.12 X 10-4 M) 
0.1 ml. of C 
1—1 o
 
CM 
+ l6 
0,3 ml. of C 2,065 + 15 
0.5 ml. of C 1,850 + 14 
0.7 ml. of C 1,689 + 13 
0.8 ml. of c 1,645 + 13 
0.9 ml. of c 1,597 + 13 
1.0 ml. of c 1,498 + 13 
1,2 ml. of c 1,403 + 12 
1.5 ml. of c 1,275 + 11 
Control, T-toluene 2,585 + 16 
Pig. 8. A plot of the THO activity vs. the non-aqueous pigment concentration 
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B. Studies of THO and T-Photosynthate Distribution 
of Soybean Plants in the Semi-Closed System 
1. THO-vapor« 65 minute-leaf administration 
with CO2 introduced in a 25-minute light 
period to two plants 
In any attempt to study the movement of tritiated 
water in connection with the photosynthate translocation in 
soybean plants, one should expect detectable amounts of THO 
to be recovered from plant sections if an aqueous phase was 
associated with the translocates. Two soybean plants, both 
25 days old, were fed via their first trifoliate leaves with 
30 yul. of THO-vapor simultaneously for 65 minutes. During 
the last 25 minutes of the feeding experiment, carbon dioxide 
was generated by the reaction of barium carbonate and 10# 
perchloric acid. Light was also supplied to give an illumin­
ation of 650 f,c. However, one plant, b, was protected from 
illumination during the entire THO-vapor administration 
period. Because of the shape of the trifoliate leaf, part 
of the petiole was included in the feeding chamber. None of 
the petiole and stem outside of the chamber was. sealed. This 
is defined as a semi-closed system. Samples of 2-cm. sections 
were analyzed in the exact manner described in Section II, 
B-3. Only the corrected T-photosynthate data are reported 
for all experiments. The results obtained from both plants, 
a-light movement and b-dark movement are reported in Tables 3 
and 4. Pigs. 9 and 10 show the plots of THO and T-photosyn-
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Table 3* Soybean, THO and T-photosynthate distribution; 
25-minute light period following 4o-mlnute 
equilibration in the dark with 30 /fl. of THO-
vapor; non-radioactive carbon dioxide was 
introduced during the light period; sharing 
THO-vapor with another plant 
Total activity (c/m) 
Section Net THO Net T-photosynthate®-
Leaflet 
1 1,600,000 4,680 
2 2,020,000 3,670 
3 1,800,000 5,220 
Petiole 
1 32,000 680 
2^ 1,330 230 
95 370 jb 
Stem 
1 48 390 
2 33 220 
3 22 90 
4° 30 48 
5 20 24 
6 13 16 
7 17 15 
8 16 12 
9 13 10 
10 10 9 
11^ 29 5 
12 35 3 
^Counter broke down, no corrected values could be 
obtained for T-photosynthate samples. 
^Section contained both petiole and stem sections. 
^Section where the primary leaves were attached. 
^Section was in the hypocotyl region. 
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Table 4. Soybean, THO and T-photosynthate distribution; 
65-minute equilibration in the dark with no light 
period; non-radioactive carbon dioxide was 
introduced during the last 25 minutes; 30 /*1. 
of THO-vapor were introduced to share with 
another plant 
Section 
Total activity (c/m) 
Net THO Net T-photosynthate* 
Leaflet 
1 2,150,000 400 
2 2,170,000 320 
3 1,600,000 170 
Petiole 
1 205,000 78 
2 6,750 27 
Stem 
1 190 52 
2 96 33 
3 44 29 
4. 40 31 
5^ 48 18 
6 52 19 
7 52 13 
8 39 12 
9 29 9 
10 29 9 
11° 56 7 
12 80 2 
^•Counter broke down, no corrected values could be 
obtained for T-photosynthate samples. 
^Section where the primary leaves were attached. 
^Section was in the hypocotyl region. 
Pig. 9. A plot of THO and T-photosynthate activity 
distribution vs. the translocation distance 
of soybean in the semi-closed system 
(Light movement) 
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Fig. 10. A plot of THO and T-photosynthate activity 
distribution vs. the translocation distance 
of soybean in the semi-closed system 
(Dark movement) 
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thate radioactivity distributions against the translocation 
distance of both plants, a and b, respectively, 
2. THO-vapor. 80 minute-leaf administration 
with CO2 introduced in a 20-minute light 
period to two plants 
This experiment was similar to Expt. B-1, except that 
the total THO-vapor administration was increased to 80 min­
utes whereas the light period was reduced to 20 minutes. The 
two selected soybean plants for the experiment were both 35 
days old. Their 5th trifoliate leaves had just begun to ex­
pand, A relatively higher dose of THO-vapor, 100 y^l,, was 
supplied, Results of the experiment for the two plants are 
tabulated in Tables 5 and 6 for the light and dark experi­
ments, respectively, 
3. THO-vapor. 80 minute-leaf administration 
with CO2 introduced in a 20-mlnute light period 
Only a single 20 day old plant was fed with 50 /4I, of 
THO-vapor for 80 minutes in this experiment. The light period 
was set for 20 minutes. With samples taken in 2-cm, portions, 
the results are reported in Table 7, 
4, THO-vapor, 80 minute-leaf administration 
with CO2 introduced in a 20-minute light period 
The feeding experiment was analogous to that of Expt. 
B-3» except that the selected soybean plant was 26 days old. 
Data are recorded in Table 8, 
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Table 5. Soybean, THO and T-photosynthate distribution; 
20-mlnute light period following 1 hour 
equilibration in the dark with 100 /fl. of 
THO-vapor to share with another plant; 
nonradioactive carbon dioxide was introduced 
during the light period 
Total activity (c/m) 
Corrected T-photosynthate 
Aqueous Skelly F 
Section Net THO fraction L fraction 
Leaflet 
1 14,000,000 4,740 1,400 
2 17,500,000 6,100 470 
3 13,000,000 5,000 500 
Petiole 
1 271,000 280 
2 19,800 200 
3* 64 110 
Stem 
1 80 310 
2 43 200 
3^ 34 135 
2fb 33 140 
5 43 96 
6 17 65 
7 18 52 
8 13 53 
9^ 17 69 
10® 25 130 
lid 61 88 
^Section was 1,25 cm. long. 
^Section where the primary leaves were attached. 
©Section was in the hypocotyl region. 
^Section was 1 cm. long. 
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Table 6. Soybean, THO and T-photosynthate distribution; 
80 minute equilibration in the dark with no light 
period; non-radioactive carbon dioxide was 
introduced during the light period; 100 a1. 
of THO-vapor were fed 
Total activity (c/m) 
Corrected T-photosynthate 
Aqueous Skelly F 
Section Net THO fraction fraction 
Leaflet z
1 6,510,000 1,880 5^0 
2 7,600,000 1,940 770 
3 — 1,780 130 
Petiole 
Stem 
1. 335.000 180 
2® ^2IÎ700 40 
1 59 58 
2 38 28 
3 16 150 
4^ 40 155 
5 47 44 
6 32 32 
7 23 29 
8 18 35 
9 10 30 
10 25 31 
11® 52 45 
^Section was 2.5 cm. long. 
^Section where the primary leaves were attached, 
©Section was in the hypocotyl region. 
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Table ?, Soybean, THO and T-photosynthate distribution; 
20-minute light period following 1 hour 
equilibration in the dark with 50 yWl. of 
THO-vapor; non-radioactive carbon dioxide 
was introduced during the light period 
Section 
Total activity (c/m) 
Net THO 
Corrected T-photosynthate 
Aqueous Skelly P 
fraction fraction 
Leaflet 
1 
2 
3 
Petiole 
1 
2* 
Stem 
1 
2 
3 
4. 
6 
7 
8 
9 
10 
11' 
7,120,000 
11,600,000 
8,130,000 
55,000 
7,330 
320 
35 
20 
18 
35 
21 
27 
8 
6 
1 
50 
3,980 
5,300 
4,420 
360 
380 
620 
330 
240 
195 
185 
1 
19 
12 
230 
550 
470 
^Section was 3 cm. long. 
^Section where the primary leaves were attached. 
^Section, 3.25 cm. long, was in the hypocotyl region, 
» 
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Table 8. Soybean, THO and T-photosynthate distribution; 
20-minute light period following 1 hour 
equilibration in the dark with 50 Al. of 
THO-vapor; non-radioactive carbon dioxide 
was introduced during the light period 
Total activity (c/m) 
Corrected T--photosynthate 
Aqueous Skelly F 
Section Net THO fraction fraction 
Leaflet 
1 13,600,000 8,160 160 
2 21,000,000 11,600 310 
3 13,200,000 8,020 200 
Petiole 
1 1,250,000 710 
2 233,000 390 
3 1,160 215 
Stem 
1 70 440 
2 17 220 
3 41 170 
4 100 — —' 
5® 82 90 
6 10 46 
7 7 27 
8 8 23 
9 4 16 
10 11 15 
11^ 21 16 
^•Section where the primary leaves were attached. 
^Section was in the hypocotyl region. 
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5. THO-vapor. 40 minute-leaf administration 
with no CO2 Introduced In the dark 
A 30-day old soybean plant was chosen for this experi­
ment, Neither light nor carbon dioxide was supplied during 
the 40-mlnute feeding period. Fifty yd, of THO-vapor were 
administered in the usual manner. The data for the movement 
in the dark are tabulated in Table 9» 
6. THO-vapor. 80 minute-leaflet administration 
with CO2 Introduced in a 20-minute light period 
to four plants 
The results obtained from Expts. B, 1-5» showed that 
little THO existed along the stem. However, a significant 
amount of activity was recovered from the portion of petiole 
connected to the trifoliate leaf. Since part of the petiole 
was included inside the chamber during the THO-vapor adminis­
tration, it is possible that the THO-vapor could have diffused 
into the soybean petiole directly through the epidermis. 
Moreover, by applying collodion onto the petiole, it was 
confirmed that some stoma cells were found on the surface of 
petiole. After drying in air, the collodion was peeled off 
carefully and examined under a microscope. At this stage, 
whether the stomata were functioning actively or not still 
has to be studied. More experiments are necessary in the 
studies of the possible leaks of water vapor from the petiole. 
First, an attempt to study the THO and T-photosynthate dis­
tributions of soybean plants was undertaken with the petioles 
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Table 9. Soybean, THO and T-photosynthate distribution; 
40-minute period of equilibration in the dark with 
no CO2 supplied; 50 /4I, of THO-vapor introduced 
Total activity (c/m) 
Section Net THO 
Corrected T-
Aqueous 
fraction 
-photosynthate 
Skelly P 
fraction 
Leaflet 
1 
2 
3 
10,100,000 
9,560,000 
8,830,000 
3,660 
3,570 
2,770 
450 
400 
Petiole 
1» 
2 
3 
606,000 
583,000 
15,500 
570 
190 
120 
Stem 
1 
2 
i 
230 
26 
21 
11 
17 
55 
31 
25 
6 
7® 
11 
- -
^Section was less than 2 cm. long, 
^Section where the primary leaves were attached. 
^Section 7 to section 12 were contaminated. 
excluded from the THO-vapor administration. The results ob­
tained from such experiments will indicate if the THO-vapor 
could diffuse into the petiole through the epidermis. It was 
necessary to eliminate two of the leaflets because of the 
shape of the trifoliate leaf. For convenience, the middle 
57 
leaflet was chosen for all leaflet-administration experi­
ments, In this experiment, the entire petiole section was 
excluded from the feeding chamber. Four soybean plants, all 
35-day old, were fed simultaneously with 100 of THO-
vapor. Two of them were illuminated for 20 minutes so that 
photosynthesis could proceed, whereas the other two plants 
were fed completely in the dark throughout the entire 80 min­
utes, In addition to the leaflet, only the complete petiole 
section was analyzed, at a shorter length per section, 5 mm. 
or 10 mm. The results of the two light, as well as the two 
dark, movements are presented in Tables 10, 11, 12 and 13» 
respectively. 
Table 10, Soybean, THO and T-photosynthate distribution; 
20-mlnute light period following one hour 
equilibration in the dark with 100 of 
THO-vapor; non-radioactive carbon dioxide was 
introduced during the light period; THO-vapor 
was shared with another three plants 
Length Total activity (c/m) 
Section in mm. Net THO Corrected T-photosynthate 
Leaflet 6,420,000 51,000 
Petiole 
1 5 1,100 136 
2 5 26 104 
3 5 13 84 
4 5 10 72 
5 10 20 124 
6 10 22 102 
7 10 26 79 
8 10 10 68 
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Table 11. Soybean, THO and T-photosynthate distribution; 
20-mlnute light period following one hour 
equilibration in the dark with 100 Ml* of 
THO-vapor; non-radioactive carbon dioxide was 
introduced during the light period; THO-vapor 
was shared with another three plants 
Length Total activity (c/m) 
Section in mm. Net THO Corrected T-photosynthate 
Leaflet 6,420,000* 69,700 
Petiole 
1 5 1,820 37 
2 5 108 80 
3 5 35 59 
4 5 32 52 
5 10 24 80 
6 10 30 64 
7 10 35 90 
8 10 — — 42 
small portion of the sample was lost during trans­
ferring. The actual value should have been slightly higher 
than reported. 
Table 12. Soybean, THO and T-photosynthate; 80-minute 
equilibration in the dark with no light period; 
non-radioactive carbon dioxide was introduced 
during the last 20 minutes; 100^1. of THO-vapor 
was fed to be shared with another three plants 
Length Total activity (c/m) 
Section in mm. Net THO Corrected T-photosynthate 
Leaflet 5,290,000 31,700 
Petiole 
1 5 3,050 11 
2 5 32 16 
3 5 18 7 
4 5 14 15 
5 10 26 9 
6 10 50 10 
7 10 21 8 
8 10 17 9 
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Table I3. Soybean, THO and T-photosynthate; 80-mlnute 
equilibration in the dark with no light period; 
non-radioactive carbon dioxide was introduced 
during the last 20 minutes; 100 //I. of THO-
vapor was fed to be shared with another three 
plants 
Length Total activity (c/m) 
Section in mm. Net THO Corrected T-photosynthate 
Leaflet 6,000,000 . 52,000 
Petiole 
1 5 1,000 8 
2 5 15 7 
3 5 5 6 
k 5 6 6 
5 10 9 6 
6 10 6 7 
7 10 6 5 
8 10 9 6 
C, Studies of THO and T-Photosynthate Distribution of 
Soybean Plants and the Analysis of THO-Vapor 
Collected from the Petiole Chamber 
1. THO-vapor. 90 minute-leaflet administration 
with CO2 introduced in a 30-minute light period 
The data suggest that the epidermis of the petiole allows 
gas to diffuse into the plant through its stomata. Therefore, 
it should be logical to investigate the rate of exchange be­
tween the water content of the petiole and its surrounding 
moisture via these stomata, A petiole chamber, specially 
made with Plexiglas, was used to collect any THO-vapor that 
might have diffused out of the petiole. The feeding procedure 
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was Identical to that of Expt. B-6. The plant selected for 
this feeding experiment was 37 days old. Thirty^1, of THO-
vapor were fed through the leaflet. The vapor, collected 
from the petiole chamber at the end of the 90-minute feeding 
period as well as the THO and T-photosynthate samples, was 
analyzed in the usual manner. The results are reported in 
Table 14. A plot of THO and T-photosynthate distributions 
against the distance is shown in Fig. 11, 
Table 14. Soybean, THO and T-photosynthate distribution; 
30-minute light period following one hour 
equilibration in the dark with 30 /fl. of THO-
vapor; non-radioactive carbon dioxide was 
introduced during the light period; vapor 
collected from petiole chamber 
Length Total activity (c/m) 
Section In mm. Net THO Corrected T-photosynthate 
Vapor collected 22,000 
Leaflet 19,950,000 30,980* 
Petiole 
1 10 1,875,000 1,150 
2 10 1,291,000 376 
3 10 632,000 252 
4 10 145,000 113 
5 14 18,800 98 
Stem 
1 40 — 135 
2 40 653 68 
3° 40 207 103 
4 40 127 43 
5 40 56 26 
6 40 24 13 
asample was not corrected. 
^Section where the primary leaves were attached, 
Pig. 11. A plot of THO and T-photosynthate activity 
distribution vs. the translocation distance 
of soybean in the semi-closed system 
(Light movement) 
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2. TEO-vapor. 90 minute-leaflet administration 
with no CO2 Introduced In the dark 
This experiment was similar to Expt. C-1, with the ex­
ception that neither light nor carbon dioxide was introduced 
during the 90 minute-leaflet administration. Thirtyyul, of 
THO-vapor were fed to a 39-day old soybean plant. The pur­
pose of this experiment was to find out if lighting has any 
effect on the mechanism of the petioles* stoma cells. The 
results are reported in Table I5, 
Table 15. Soybean, THO and T-photosynthate distribution; 
90-minute-équilibrâtion in the dark with 30 /a1» of 
THO-vapor; no CO2 was generated; vapor collected 
from the petiole chamber 
Length Total activity (c/m) 
Section in mm. Net THO Corrected T-photosynthate 
Vapor collected trace 
Leaflet 33,470,000 84,100 
Petiole 
1 10 2,900 119 
2 10 23 67 
3 10 17 68 
4 10 9 56 
5 12 14 121 
Stem 
1 40 w. 215 
2 40 57 48 
3® 40 22 16 
4 40 26 4 
5 4o 26 2 
6b 40 34 4 
^Section where the primary leaves were attached. 
^Section was in the hypocotyl region. 
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3. THO-vapor. 79 minute-leaflet administration 
with CO2 Introduced In a 25-inlnute light period 
The purpose of this experiment was also to determine the 
possible loss of THO-vapor from the petiole. To find out the 
possible leaking occurring during both light and dark periods, 
two vapor collectors were arranged in such a manner that vapor 
of the chaimber could be collected separately. The selected 
soybean plant was 2? days old. The dose of THO-vapor was re­
duced to 20 yfl. for this experiment. The results are pre­
sented in Table I6 and Fig, 12, 
Table I6, Soybean, THO and T-photosynthate distribution; 
25-nilnute light period following 50-minute 
equilibration in the dark with 20 yttl, of THO-
vapor; CO2 was generated during the light period; 
vapor collected from the petiole chamber 
Section 
Length 
in mm. Net THO 
Total activity (c/m) 
Corrected T-photosynthate 
Vapor collected 
Dark trap 
Light trap 
Leaflet 
Petiole 
1 
2 
3 
4 
5 
trace 
trace 
24,500,000 
10 1,100 
10 23 
10 44 
10 20 
11 23 
Stem 
1 
2 
4& 
5 
20 - -
20 20 
20 5 
20 8 
40 6 
40 8 
35,400 
340 
273 
240 
185 
190 
372 
69 
6 
^Section where the primary leaves were attached. 
Fig, 12. A plot of THO and T-photosynthate activity 
distribution vs. the translocation distance 
of soybean in the semi-closed system 
(Light movement) 
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4. THO-vapor. 7 5 minute-leaflet administration 
with CO2 Introduced In a 25-mlnute light period 
This experiment was a repetition of Expt. C-3, using a 
29-day old plant. The results are tabulated In Table 17. 
Table 1?. Soybean, THO and T-photosynthate distribution; 
25-mlnute light period following a 50-mlnute 
equilibration In the dark with 20 /»1. of THO-
vapor; CO2 was generated during the light period; 
vapor collected from the petiole chamber 
Length Total activity (c/m) 
Section in mm. Net THO Corrected T-photosynthate 
Vapor collected 
Dark trap 57 
Light trap 53 
Leaflet 23,040,000 47,200 
Petiole 
1 10 764 243 
2 10 9 190 
3 10 5 178 
4 10 10 175 
5 10 29 148 
Stem 
1 20 — 293 
2 20 32 179 
3 20 6 110 
4® 20 11 46 
5 40 19 20 
6 40 19 4 
^Section where the primary leaves were attached 
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D. Studies of THO and T-Photosynthate Distribution 
of Soybean Plants Following Administration 
of THO through the Petiole 
I. THQ-vapor. 60 minute-petiole administration 
with no CO2 introduced in the light, preceded 
by a 25-mlnute equilibration of water vapor 
held in the leaflet chamber 
The results reported in Section C indicate that water 
vapor was capable of leaking out from the petiole. Expt, B-6 
also proved indirectly that water vapor could diffuse into the 
plant via the epidermis. In this experiment, the distribution 
of THO under the reversible administration through petiole 
was studied to observe how the THO-vapor distributed in the 
plant. The experimental procedure was described In Section 
II, B-5* As preliminary studies, light was supplied through­
out the entire feeding period, A constant level of moisture 
was maintained in the leaf chamber by circulating 30yKl, of 
water vapor prior to the feeding of 10 ^ 1, of THO-vapor to the 
petiole. The selected soybean plant was 27 days old. The 
results are presented in Table 18, Data were plotted and are 
shown in Pig, 13. 
2, THO-vapor. 25 minute-petiole administration 
with no CO2 Introduced in the light, preceded 
by a 29-minute equilibration of water vapor 
in the leaflet chamber 
This experiment was similar to Expt, D-1, with the 
period of THO-vapor administration reduced to 25 minutes, No 
light was supplied during the period of water equilibration 
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Table 18. Soybean, THO and T-photosynthate distribution; 
60-minute petiole-administration with 10 m1, of 
THO-vapor preceded by a 25-minute equilibration 
of 30 /wl. of H20-vapor in the leaflet chamber; 
no CO2 was generated; 85-minute light period 
Length Total activity (o/m) 
Section in mm. Net THO Corrected T-photosynthate 
Leaflet 211,000 1,030 
Petiole 
1 10 95,400 43 
2 10 91,000 29 
3 10 36,300 20 
4 10 14,500 — — 
5 16 2,100 4 
Stem 
1 20 246 7 
2 20 26 0 
3 20 15 0 
4 20 15 0 
5 40 0 0 
6 40 0 0 
in the leaf chamber Since the petiole does not contribute 
appreciably to the total photosynthesis, no carbon dioxide 
was supplied during all experiments reported in this section. 
A 29-day old soybean plant was employed for this experiment. 
The results are shown in Table I9 and Fig, 14, 
Pig, 13. A plot of THO activity vs, the plant sections 
of a soybean vrith petiolar THO administration 
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Table 19. Soybean, THO and T-photosynthate distribution; 
25 minute-petiole administration in the light 
with 10 aaI, of THO-vapor preceded by a 25-Jninute 
equilibration of 30 /tl. of HzO-vapor in the 
leaflet chamber; no CO2 was generated 
Length Total activity (c/m) 
Section in mm. Net THO Corrected T-photosynthate 
Leaflet 30,000 134 
Petiole 
1 10 42,000 10 
2 10 88,000 23 
3 10 41,000 10 
4 10 14,000 7 
5 10 1,500 1 
6 16 41 4 
Stem 
1 20 9 0 
2 20 46 0 
3 20 23 0 i 40 44 0 
5 40 16 0 
3. THO-•vaDor, 25 minute-petiole administration 
wlth no CO2 Introduced in the dark, preceded by 
a 25-minute equilibration of water vapor held 
In the leaflet chamber 
It is obvious that the illumination has direct effect on 
the transpiration rate of uptake water movement in plants. 
In the dark, one might expect a different THO distribution in 
the plant fed in the exact manner as that of experiments in 
the light. The results are reported for a 29-day old plant 
in Table 20 and Fig, 15. 
Fig. 14. A plot of THO activity vs. the plant sections 
of a soybean with petiolar THO administration 
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Table 20. Soybean, THO and T-photosynthate distribution; 
25 minute-petiole administration with IOmI» of 
THO-vapor preceded by a 25-minute equilibration 
of 30 /4I. of H20-vapor in the leaflet chamber; 
no CO2 was generated; 50-minute dark period. 
Length Total activity (c/m) 
Section in mm. Net THO Corrected T-photosynthate 
Leaflet 9,010 I6 
Petiole 
1 10 25,100 6 
2 10 94,500 23 
3 10 66,000 27 
4 10 48,700 35 
5 18 6,490 14 
Stem 
1 20 20 0 
2 20 17 0 
3  2 0  — —  — —  
4 20 12 0 
5 40 9 0 
6 40 5 0 
E, Studies of THO and. T-Photosynthate Distribution 
of Soybean Plants under the Closed System 
1. THO-vapor. 79 minute-leaflet administration 
with CO2 introduced in a 25-minute light period 
to two plants 
The experimental data obtained indicate that there is 
little or no THO-vapor loss from the fed soybean plants in 
spite of the fact that the petiole is liable to exchange 
vapor with outside moisture. In a final attempt to study the 
movement of tritiated water, a series of experiments was 
Pig. 15. A plot of THO activity vs. the plant sections 
of a soybean with petiolar THO administration 
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carried out in a closed system. During the feeding, the 
plant was sealed completely by applying lanolin onto both the 
stem and petiole sections. Other than this, the remaining 
experimental procedure was analogous to those of the semi-
closed system. Thirty ytl. of THO were vaporized for 75 min­
utes. A 25-ininute light period was installed during which 
non-radioactive carbon dioxide was generated. Two soybean 
plants, both 23 days old, were fed simultaneously, but one 
was not illuminated. The results of both light and dark 
movements are tabulated in Tables 21 and 22, 
2. THO-vapor. 76 minute-leaflet administration 
with CO2 introduced in a 25-minute light period 
This experiment was similar to Expt. E-1, except that 
only one soybean plant, 3I days old, was fed with 20/^1. of 
THO-vapor, The results are presented in Table 23. A graph 
was drawn to be shown in Fig, 16, 
3. THO-vapor, 75 minute-leaflet administration 
with CO2 introduced in a 25-minute light period; 
petiole was injured by steam prior to THO administration 
The results obtained from Expt, C-1 indicate a massive 
movement of water occurred in the soybean plant. Since they 
are completely opposed to those of the other feeding experi­
ments, injury or other stimulating effect to the plant prior 
experimentation might have caused the occurrence of such mas­
sive movement of water. An attempt was made to duplicate 
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Table 21. Soybean, THO and T-photosynthate distribution; 
75 minute leaflet-administration with of 
THO-vapor; a 25-minute light period with CO2 
generated; plant shared THO-vapor with another 
soybean plant; closed system feeding 
Length Total activity (c/m) 
Section in mm. Net THO Corrected T-photosynthate 
Leaflet 6,650,000 10,700 
Petiole 
1 10 650 37 
2 10 34 9 
3 10 52 13 
4 10 104 16 
5 8 2 12 
Stem 
1 20 14 59 
2 20 4 21 
3 20 -- 12 
4 20 3 7 
5^ 20 15 3 
6 20 0 0 
7 20 0 0 
8 20 0 0 
9 20 0 0 
10 20 0 0 
^Section where the primary leaves were attached. 
this phenomenon by purposely injuring the soybean petiole by 
steaming. The selected 26-day old plant was excised in the 
usual manner. Throughout the entire stem and petiole sec­
tions, the plant was well greased with lanolin, except the 
small portion of the petiole to be utilized for steaming. 
The rest of the petiole was wrapped with aluminum foil to 
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Table 22. Soybean, THO and T-photosynthate distribution; 
75 minute leaflet-administration with 30 //I. of 
THO-vapor; a 25-minute light period with CO2 
generated; plant shared THO-vapor with another 
soybean plant; closed system feeding 
Length Total activity (c/m) 
Section in mm. Net THO Corrected T-photosynthate 
Leaflet 8,090,000 12,300 
Petiole 
1 10 8,500 35 
2 10 3,100 8 
3 10 112 3 
4 10 4 2 
5 15 5 5 
stem 
1 20 8 26 
2 20 5 8 
3 20 — — 5 
4 20 5 0 
5 20 5 0 
6^ 20 9 0 
7 20 3 0 
8 20 4 0 
9 20 0 0 
10 20 0 0 
^•Section where the primary leaves were attached. 
avoid possible damage by the steam. After the petiole was 
steamed for nearly 10 minutes, the leaflet became epinastic, 
^.e. in a sleeping posture. The injured spot was greased 
immediately, and normal THO-vapor administration of 20/«I. of 
tritiated water was applied to the plant. The results are 
calculated and graphed in Table 24 and Fig. 1?. 
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Table 23. Soybean, THO and T-photosynthate distribution; 
25-minute light period following a 50-ininute 
equilibration in the dark with 20 /cl. of THO-
vapor; COg was generated during the light period; 
closed system feeding 
Length Total activity (c/m) 
Section in mm. Net THO Corrected T-photosynthate 
Leaflet 14,380,000 92,600 
Petiole 
1 24 284 626 
2 18 14 423 
3 25 15 419 
Stem 
1 20 12 441 
2 20 — — 383 
3 20 7 342 
4 20 6 335 
5® 20 8 398 
6 20 30 294 
7 40 3 331 
8 40 2 46 
9 40 17 7 
^•Section where the primary leaves were attached. 
F, Studies of the Liquid Scintillation Counting 
Efficiency of Samples as a 
Function of Agar Gel 
H J[i 
1. C -labelled sucrose samples 
Only a few aspects were studied in connection with the 
technique of liquid scintillation counting of agar samples. 
In this section, C^^-labelled sucrose was used as the sole 
radioactive material. First, the agar gel must be dissolved 
Pig, 16, A plot of THO and T-photosynthate activity 
distribution vs. the translocation distance 
of soybean in the closed system 
(Light movement) 
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Table 24. Soybean, THO and T-photosynthate distribution; 
25 minute-light period following a 50 minute-
leaflet administration with 20 jul, of THO-vapor 
in the dark; CO2 was generated during the light 
period; petiole was injured by steaming 
Length Total activity (c/m) 
Section in mm. Net THO Corrected T-photosynthate 
Leaflet 12,870,000 26,800 
Petiole 
1 10 8,070 12 
2 10 27 7 
3 10 5 4 
4 10 4 2 
5 10 14 3 
6 10 4 4 
Stem 
1 20 7 3 
2 20 — — 3 
3 20 6 2 
4 20 8 2 
5^ 20 4 0 
6 20 20 0 
7 20 5 0 
8 20 1 0 
9 20 3 0 
^Section where the primary leaves were attached. 
in the solvent medium before counting can be accepted on a 
sound statistical basis. This is accomplished by the acidifi­
cation of the medium as described in Section II, B-6. Second, 
selection of a favorable volume of water for the system has 
to be determined since both the solubility and the effect of 
water on counting are important. The experiment was conducted 
Fig. 17. A plot of THO and T-photosynthate activity distribution vs. 
the translocation distance of an injiired soybean in the closed 
system 
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by counting agar samples with various amounts of water. It 
was difficult to weigh out the exact amount of agar gel for 
each sample, but it should be emphasized that the agar gel 
was composed mainly of water, and the weight of the agar gel 
was directly related to the total water content for each of 
the samples. The average weight of the four agar samples was 
calculated to be 0.2938 + 0.0244 gram, with a deviation of 
+ 9^. The results obtained from this experiment are pre­
sented in Table 25. Third, the mixability of the aqueous 
radioactive solution with the agar gel was also studied. 
Data are reported in Table 26. Lastly, an experiment was 
performed to determine the counting efficiency of agar 
Table 25. Counting efficiency of C^^-agar samples as a 
function of water 
Sample 
Weight of 
agar gel 
(gm. ) 
Quantity 
of water 
(ml.) 
Radio­
activity 
(c/m) 
Percentage of 
counting efficiency 
relative to the 
control sample 
Control none 3.0 155,405 100.00# 
I 0.2966 2.5 154,386 99.34# 
II 0.3183 3.0 151,520 97.50# 
III 0.2839 3.5 148,755 95.72# 
IV 0.2762 4.0 140,901 90.67# 
Average 0.2938 
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Table 26. Homogeneity of C^^-sucrose solution in agar gel®" 
Calculated 
Weight of Badioactivity radioactivity 
Sample agar gel (gm.) (c/m) per gram of agar 
I 0.3679 501 1,362 + 37 
II 0.3401 457 1,344 + 37 
III 0.3700 501 1,354 ± 37 
IV 0.3569 498 1,332 ± 37 
0.3569 618 1,732 + 42 
Average 0.3584 1,348+37° 
&Each sample contained 3.O ml. of water, 
^Sample appeared to be contaminated, but origin was not 
known. 
®The average value reported did not include sample V. 
samples as a function of agar eel. The results are outlined 
in Table 27. A plot was drawn similar to other graphs and is 
shown in Fig. 18. 
2. THO samples 
In this sequence of experiments, similar to that of Sec­
tion E-1, the radioactive substance was replaced by THO, The 
studies of the miscibility of THO in agar gel, as well as the 
counting efficiency of T-agar samples as a function of agar 
gel, are reported in Tables 28 and 29, respectively. The data 
reported in Table 29 was graphed and is shown in Pig. 19. 
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Table 27. Counting efficiency of C^^-agar samples as a 
function of agar gel 
Sample 
Weight of 
agar gel (gm.) 
Indi­
vidual 
sample Average 
Radioactivity 
(o/m) 
Indi­
vidual 
sample Average 
Percentage of 
counting 
efficiency 
relative to 
control sample 
Control I none 21,083 
Control II none 20,593 
00 00 0
 
CM 
+ 144 100.00# 
I 0.0575 0 .0575 20,293 20,293 + 143 97.38# 
II 0.1442 20,467 
III 0.1624 0 .1533 19,942 20,205 + 142 96.96# 
IV 0.2235 0 .2235 20,014 20,014 + 141 96.05# 
V 0.2853 20,131 
VI 0.2877 0 .2865 20,375 20,253 + 142 97.19# 
VII 0.3042 0 .3042 20,113 20,113 + 142 96.52# 
VIII 0.3580 0 .3580 19,661 19,661 + 140 94.35# 
IX 0.4258 0 .4258 19,627 19,627 + 140 94.19# 
G, Studies of THO Distribution of Short, Excised 
Petiole Sections of Soybean Plants by 
Means of Agar-Diffusion Technique 
1. Transport experiments performed in the light 
The main purpose of this series of experiments was to 
determine the rate of THO transport in excised short petiole 
sections, -The experimental procedure was described in Sec-
Fig. 18. A plot of the counting efficiency of C^^-sucrose samples 
as a function of agar gel 
WEIGHT OF AGAR, GRAM x lO' 
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Table 28. Homogeneity of THO in agar gel* 
Sample 
Weight of 
agar gel 
(gm.) 
Badioactivity 
(c/m) 
Calculated 
radioactivity 
per gram of agar 
I 0.3452 623 1,805 ± 43 
II 0.3429 630 1,837 ± 43 
III 0.3868 689 1,781 ± 41 
IV 0.3374 606 1,796 + 42 
V 0.3046 553 1.815 ± 43 
VI 0.3596 634 1,763 ± 42 
Average 0,3461 1,800 + 43 
®'Each sample contained 3.0 ml, of water. 
tion II, B-7. By studying the radioactivity distribution of 
the petiole sections under different experimental conditions, 
the pattern of such THO transport in excised petiole can be 
explained in terms of various transport models. All experi­
ments were carried out in the light. The results are re­
ported in Table JO. 
2. Transport experiments performed in the dark 
Experiments completed in this section were similar to 
that of Section G-1, except that all experiments were per­
formed in the dark. The results are presented in Table 31• 
93 
Table 29. Counting efficiency of T-agar sample as a 
function of agar gel 
Sample 
Weight of 
agar gel 
(gm.) 
Badloactivity 
(c/m) 
Percentage of 
counting 
efficiency 
relative to 
control 
sample 
Control I none 5,794 
Control II none 5,883 
Control III none 5,662 5,780 + 24 100.00# 
I 0.0588 4,892 + 22 84.64# 
II 0.1160 4,981 + 22 86.18* 
III 0.1717 4,751 ± 22 82.20# 
IV 0.2406 4,724 + 22 81.73* 
V 0.3713 4,639 ± 22 80.26# 
VI 0.5087 4,447 ± 21 76.94# 
VII 0.5682 4,344 + 21 75.16# 
VIII 1.1459 3,437 ± 19 59.46# 
The count reported for all agar samples has been divided by 
the correction factor of 0,8. 
Fig. 19. A plot of the counting efficiency of THO samples as a 
function of agar gel 
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Table 30, Hadioactivity distribution of THO in excised 
petiole and its agar chambers (light) 
Weight of agar gel Corrected radioactivity 
Section In the chamber (gm.) (c/m) 
I, Horizontal transport experiments from reservoir to sink 
1-P 0.3451 3,298 ± 57 
1-1 none 33 + 2.0 
1-2 none 5 + 1.5 
1-8 0.3568 0 "" 
2-H 0.3711 3,503 ± 59 
2-1 none 21 + 2.0 
2-2 none 0 
2-8 0.3490 0 
3-B 0.3012 2,928 + 54 
3-2 none 28 + 2.0 
3-1 none 0 
3-8 0.3777 0 
4-B 0.4098 3,824 ± 62 
4-2 none 25 ± 2.0 
4-1 none 0 
4-8 0.4009 0 
II. Vertical transport experiments descendingly from 
reservoir to sink 
5-R 0.3485 3,173 + 56 
5-1 none 30 + 2.0 
5-2 none 10 + 1.5 
5-8 0.4044 0 
6-a 0.3518 3,151 + 56 
6—1 none 33 + 2.0 
6-2 none 7 + 1.5 
6—8 0.3883 0 
7-R O.37O8 4,339 66 
7-2 none 29 + 2.0 
7-1 none 5 + 1.5 
7-3 — 0 
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Table 30. (continued) 
Weight of agar gel Corrected radioactivity 
Section in the chamber (gm.) (c/m) 
8-R 0.384] 4,150 + 64 
8-2 none 44 + 2.0 
8-1 none 9 ± 1.5 
8 — S  — —  0  
III, Vertical transport experiments ascendingly from 
reservoir to sink 
9-R 0.3653 4,549 ± 67 
9-1 none 45 + 2.0 
9-2 none 6 + 1.5 
9—S —— 0 
10-R 0.3689 4,466 + 67 
10-1 none 56 + 2.0 
10-2 none 5 ± 1.5 
10-s — 5 ± 1.5 
11-R 0.3672 4,178 + 65 
11-2 none 38 + 2.0 
11-1 none 7 ± 1.5 
11—S -- 0 
12-R 0.3756 4,486 + 67 
12-2 none 4l + 2.0 
12-1 none 5 + 1.5 
12—S —— 0 
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Table 31. Badioactivity distribution of THO in excised 
petiole and its agar chambers (dark) 
Weight of agar gel Corrected radioactivity 
Section in the chamber (gm.) (c/m) 
I. Horizontal transport experiments from reservoir to sink 
1-E 0.3497 3,789 ± 62 
1-1 none 26 + 2.0 
1-2 none 0 
1-s 0.3670 0 
2-R 0.3883 4,106 + 64 
2-1 none 40 + 2.0 
2-2 none 8 + 1.5 
2-8 0.3728 0 
3-R 0.3687 3,855 + 62 
3-2 none 35 ± 2.0 
3-1 none 0 
3-8 0.3438 0 
4-R 0.3421 3,763 ± 61 
4-2 none 32 + 2.0 
4-1 none 6 + 1.5 
4-8 0.3817 
II. Vertical transport experiments descendingly from 
reservoir to sink 
5-R 0.3670 3,826 + 62 
5-1 none 29 + 2.0 
5-2 none 0 
5-8 0.3266 0 
6-R 0.3652 3,699 + 61 
6-1 none 29 + 2.0 
6-2 none 0 
6-8 0.3654 0 
7-R 0.3862 4,659 + 68 
7-2 none 50 2.0 
7-1 none 0 
7-8 - - 0 
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Table 31. (continued) 
Weight of agar gel Corrected radioactivity 
Section in the chamber (gm.) (c/m) 
8-E 0.3852 4,475 ± 67 
8-2 none 54 + 2.0 
8-1 none 8 + 1,5 
8-8 — 9 ± 1.5 
III. Vertical transport experiments ascendingly from 
reservoir to sink 
9-R 0.3839 4,664 + 68 
9-1 hone 4? + 2.0 
9-2 none 6 + 1.5 
9-S — 0 
10-B 0.3643 4,383 +.66 
10-1 none 71 + 2.5 
10-2 none 7 + 1.5 
10—S —— 0 
11-R 0.3695 4,565 ± 68 
11-2 none 46 + 2.0 
11-1 none 7 + I.5 
11-8 —— 6 + 1,5 
12-B 0.3513 4,246 + 65 
12-2 none 48 + 2.0 
12-1 none 12 + 1.5 
12—8 —— 0 
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IV. DISCUSSION 
A. Liquid Scintillation Counting Techniques 
Until the liquid scintillation counting techniques were 
available, it was virtually impossible to detect the low-
level beta emitting isotopes, such as carbon-l4 and hydrogen-
3, with good efficiency in a convenient manner. Ionization 
chambers, though highly efficient, were very time-consuming. 
The principle behind the liquid scintillation counting tech­
nique is that the weak energy emitted as beta particles are 
transferred to the scintillator, and subsequently emitted as 
light which can be analyzed quantitatively. The effective­
ness of such counting techniques depends heavily on the selec­
tion of the scintillator, the solvent, as well as the solu­
bility of the radioactive material in the chosen solvent. 
Specifically, the scintillator thus acts as the vehicle 
for converting beta particle energy into light quanta. There 
are several types of scintillators available commercially, 
but the selection is generally based on the solubility of the 
scintillator in the particular solvent being used for the 
system. Some scintillators tend to reabsorb some of the 
light emitted by them; such phenomenon is known as self-
quenching. 2,5-Diphenyloxazole (PPO) has been widely used 
as a primary scintillator in this counting system. For the 
counting of aqueous samples, it is advantageous to include a 
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trace amount of secondary scintillator. Addition of such 
scintillator will increase the counting efficiency by shift­
ing the wavelength of the light emitted to a region where the 
photomultipliers are more sensitive. The addition of naph­
thalene also proved to be beneficial. However, the secondary 
scintillator and naphthalene have little effect on the non­
aqueous sajnples. fiecently, l,4-bis-2-(4-methyl-5-phenyloxa-
zolyl)-benzene (dimethyl POPOP) has been recommended. How­
ever, no appreciable increase of counting efficiency was ob­
tained when using it in comparison to l,4-bls-2-(5-phenyloxa-
zolyl)-benzene (POPOP) as the secondary scintillator in our 
laboratory. 
The selection of a suitable solvent is equally important. 
Improper selection of solvent can cause both thermal and 
color quenching. The thermal quenching is the absorption of 
the beta particle energy by the solvent whereas the color 
quenching is that the light, emitted by the scintillator, is 
absorbed by the solvent. Other than these factors, the freez­
ing point of the selected solvent also plays a significant 
role in this system of counting. 
Among the quenching effects, color quenching has been a 
constant and serious problem with the counting of samples con­
taining pigments. Experiments were conducted with the hope of 
obtaining a simple relation between the counting efficiency and 
the concentration of the pigments present in the samples. 
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However, Expts, A-1,2 failed to Indicate any simple linear 
relationship between them. The counting of pigment samples 
appeared to be affected not only by the absorption effect, 
but also by other factors, such as fluorescence and the 
geometry of the counting vial, as well as scattering, etc. 
However, no attempt at this time was made to study the theo­
retical aspects of this problem. 
Counting with agar samples does not seem to be a problem 
once the agar gel is dissolved In the solvent system. The 
lower efficiency obtained can be explained mainly in terms of 
the increase of total volume of water in the samples. Hor-
rocks and Studler (24) reported that the counting efficiency 
of tritiated water decreased rapidly as a function of water 
concentration. From the results obtained under three differ­
ent voltage settings, the counting efficiency remained fairly 
constant when the water concentration of the sample was in 
the neighborhood of 15^. It is therefore of advantage to 
choose the total volume of water per sample to be around 15^ 
of the total solvent system. The absorption caused by the 
agar colloidal suspension on the bottom of the vial should 
also be mentioned. However, the agar suspension as well as 
the lowering of the pH of the solvent may be quite insignifi­
cant in comparison to the effect caused by the Increase of 
water concentration. 
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B, Mathematical Models of THO Transport 
1. Self-diffusion of THO 
The model of self-diffusion can be pictured as an in­
finitely large pool with a constant specific activity con­
nected to a relatively small channel of diffusion path with a 
diameter of 2 mm. The water and photosynthate are considered 
as moving independently. The Second Pick's Law is used in 
terms of one dimension only. The diffusion equation requires 
the solution of boundary value problem. 
(1) jc(x,t) , p ^2c(x,t) _ (X > 0, t > 0) . 
(2) C(0, t) = Co , (t > 0) , 
(3) c(i, 0) = 0 , (x > 0) , 
(4) C(x, t) = 0 , (t $ 0). 
Define; L |c(x,t)j = c(x,s) 
By means of a Laplace transform, equation 1 becomes equa­
tion 5. 
(5) s . c(x,s) - G(x,0) = D ^ , 
d x'^ 
Equation 3 is transformed to equation 6. 
(6) C(x, 0) = 0 , (x > 0) . 
After equation 6 is substituted into equation 5» an ordinary 
differential equation 7 is obtained. 
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(7) . s 0(2,3) . 0 . 
r2 D 
The general solution of equation 7 is equation 8. 
(8) c(x,s) = Ag exp. (s/D)^^^ xj + Bg exp. ^ -(s/D)^^^ x j 
Let equations 2 and 4 be transformed and substituted into 
equation 8. A new equation 9 is then formed with the bound­
ary conditions of Ag = 0 and Bg = CQ/S, 
(9) 
(10) 
c(x,s) = CQ/s I exp. [-(s/D)^/^ j 
C(x,t) = L"^  Cq/s exp.[-(s/D)^ /^  xjj , 
By definition; F(t) = 1 - erf ^k/2(t), k > 0 , 
and f (s) =|exp. [(-k(s)^ '^ |^/sj'. 
From equation 10, f(s) = Cq exp. j^-(s/D)^^^ xj/s. This 
implies that k = x/D^^^. Therefore, we have equation 11. 
(11) F(t) = Go .[l - erf [ x/2(Dt)^/^j| 
(12) G(x,t) = L~^|c(x,s)j = Gq I 1 - erf j^x/2(Dt)j . 
-x" ^  
e dx , 
x/2(Dt)l/2 
By definition: erf (t) = — 
7i / 
therefore, erf ^x/2(Dt)^'^^j = — 
Thus equation 10 becomes equation 13 as follows: 
'x/2(Dt)l/2 
,-y dy . 
(13) c(x,t) = Co [i ^ 
If 
:~y dyj 
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where, Gq = concentration of THO at x = 0, 
D = diffusion coefficient of THO (52), 2.44 x 10 ^ 
2 
nun /sec, 
t = total time of diffusion involved, 3.6 x 10^ sec, 
X = displacement of THO by diffusion. 
On substituting the constants, D and t, equation 13 becomes 
equation 14. 
px/5.928 2 
(14) C(x,t) = Co ^  1 e~y dyj 
V/ 
r X 
e~y dy . Let X = x/5.928; ^(X) = — 
TT JO 
From the Table of Higher Functions (26), data of C(x,t), 
obtained as a function of displacement, x, are reported in 
Table 32. A plot of C/Cq against displacement, x, is shown 
in Pig. 20. 
Assuming the water contents of both soybean trifoliate 
leaf and petiole sections to be QQ% of their weight, one may 
calculate, roughly, that the ratio of water content in a leaf­
let compared to a 10 mm. petiole section, is approximately 
15:1. An arbitrary total activity for a single equilibrated 
pool of the leaflet may be set and the activity profile along 
the diffusion path obtained. By setting the total activity 
of the pool to 10^ c/m, one should expect to recover approxi­
mately 2.23 X 10^ o/m of THO activity within the first 18 mm. 
Fig. 20. À plot of C/CQ VS. distance x 
Curve A: Model of THO self-diffusion in a path 2 mm in diameter 
Curve B: Model of THO transport, assuming 2.% of the total 
cross-section area of tf mm^ as the conducting path 
Curve C: Model of THO transport, assuming Q,2S% of the total 
cross-section area of mm2 as the conducting path 
30 
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of the diffusion path. Theoretically, the radioactive pro­
file may never proceed farther than 18 mm. with the indicated 
THO-pool size. Similarly, one may calculate the activity for 
diffusion of THO occurring in a smaller diffusion path. Under 
the assumption that the THO-pool size is 10^ c/m, one should 
expect an activity of 4.4 x 10^ c/m in the first l4 mm, of 
the diffusion path which has a radius of l4l/^. 
When the diffusion path is further restricted to a chan­
nel with a radius of 50/^» to match the dimension of the 
phloem cross-section area in a single bundle of the soybean 
petiole, the calculated value for activity is about 5^0 c/m. 
Since there are approximately 12-13 bundles in the cross-
section of petiole, one can assume that approximately four 
bundles are connected to each of the three leaflets. There­
fore, the calculated value of activity should be multiplied 
by a factor of 4, which gives a value of 2.24 x 10^ c/m. The 
data for the latter two cases, with log^ activity plotted 
against distance, x, are presented in Pig. 21. 
2. Mass-flow with water exchange 
phloem and surrounding tissues 
This model, similar to that of Horwitz's, flow with 
reversible loss through the walls (25), describes a flow of 
THO through the conducting channel, a 2.% cross-section area 
of the total exchangeable path, at a constant speed, with the 
THO exchanging freely between the flowing and the surrounding 
Figure 21. A plot of log THO activity vs. translocation 
distance 
Curve A; Model of THO self-diffusion in a 
path 282 ytc. in diameter; data were 
normalized 
Curve B: Model of THO self-diffusion in a 
path 100 /<'. in diameter; because of 
plant anatomy, activity found was 
4 times the activity predicted by 
the model; data were normalized 
Curve G: Experimental data of THO distribu­
tion taken from Table 11 (dark 
movement) 
Curve D: Experimental data of THO distribu­
tion taken from Table 10 (light 
movement) 
/ 
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volumes. This is analogous to the heat transfer problem re­
ported by Schumann (44). The solution of such heat transfer 
problem may therefore be adopted directly for this model. 
However, the equations of the solution are of the modified 
type of Bessel function. For practical purposes, the numer­
ical solution was obtained by Fortran programming on a digital 
computer. 
The solution reported by Schumann for the problem of 
heat transfer is as follows: 
(1) Ct/Co = 1 - e"^"^ Z y^ (yz) = e"^"^ S z^ M^fyz) 
n=0 n=l 
(2) Cg/Co = 1 - e~^~^ 2 y" M (yz) = e"^"^ 2 z^ Mn(yz) 
n=l n=0 
By definition; M» (yz) = 2 
k=0 (k:)2 
and (yz) = 
d (yz)^ 
Therefore, we have equation 3 as follows: 
(3) ? y^ Mn (yz) = ? 2 k (k-1) ...^(k-n+1) yk ^k-n 
n=0 n=0 k=n ( k.î ) "" 
To multiply both the denominator and numerator of equation 3 
by a factor of (k-n)!, equation 4 is formed. 
oo 00 oO k k-n 
(4) 
.n=0 ^ n=0 kSn kTrRTTT 
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Let l=k-n, ^ k=l+n, equation 5 is formed from equation 4. 
oo oo oo 1+n 1 
jo ' ' jo i!o 
n n 
Since S y (yz) = 2 y (yz) - MQ (yz) 
n=l n=0 
= f T yi*" _ T W! 
n=0 1=0 (l+n)î 1Î J^_Q 
Thus, we have equations 6 and ? which are the basis for the 
Fortran program. 
cO oo 1+n 1 
(6) Ct/Go = 1 - e-y-= S S ,y+n)'^l' 
n=0 1=0 
(7,  =/=. = 1 -  r  iGA + X 
where, y = x/v, 
z = Kg (t - x/v), 
Ki = K/Ap, 139.87300 hr'l, 
Kg = K/At, 2.85306 hr-1, 
Ap = cross-sectional area of the conducting channel, 
0.0628 mm^, 
A^ = cross-sectional area of the surrounding tissues, 
3.0788 mm^, 
Cq = total concentration of THO, 
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Cp = concentration of THO in the conducting channel 
at distance x, 
C-t = concentration of THO in the tissues surrounding 
the conducting channel at distance x, 
K = diffusion constant of THO, 8.78^ mm^/hr, 
t = total time of transport involved, 1 hr, 
V = velocity of the flow, 600 mm/hr, 
X = displacement of flow. 
The Fortran program is reported in Table 33» The data 
are tabulated in Table 3^« Taking the cross-section area 
into consideration, the total activity recovered per section 
of the transport path is equal to the sum of Cp and , C = 
ApCp + A^Ct. By plotting the ratio of C/C q against distance, 
one may obtain a curve shown in Fig. 20. Similarly, if the 
n 
total activity of the leaflet pool is assumed to be 10 c/m, 
one can calculate that approximately 8,5 x 10^ c/m of THO 
activity should be recovered along the first 90 mm, of the 
transport path. By restricting the transport path to a 
smaller dimension, 0.2^^ of the total cross-section area, one 
should expect to recover 1.05 x 10^ c/m in the first 10 mm. of 
the conducting path. The results are presented in Fig. 20. 
Thus, this model provides for a different distribution 
of THO than the self-diffusion model. Therefore, an attempt 
to distinguish between diffusion and mass flow of water dur­
ing photosynthate translocation was made by comparing these 
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two models. For the initial equations, see Appendix B. 
C. THO Transport in Excised Soybean Petiole Sections 
The results obtained from Expts, G-1 were similar to 
those of G-2. Thus, one may conclude that light has no effect 
on the transport of THO in excised petiole sections since 
Expts. G-2 were a repetition of G-1, except that all trans­
port experiments were carried out in the dark. Though the 
excised petiole sections were placed in different positions, 
from which the transport of THO was allowed to proceed by 
means of agar-diffusion technique, the data obtained from 
each of these experiments were virtually of the same pattern. 
It is apparent, then, that no particular position was favored. 
Moreover, no discriminatory result was obtained by reversing 
the direction of the petiole transport. 
If one assumes a single pool of THO containing a total 
activity of 3»500 c/m, then calculation from a self-diffusion 
model as described in Section IV, B-1 predicts that approxi­
mately 30 c/m of activity would, be recovered in the first 5 
mm, of diffusion path with a diameter of 2 mm. In general, 
the THO recovered from all petiole sections were within the 
range of prediction of the self-diffusion transport model. 
Recently, Nakayama and Jackson (39) reported that the diffu­
sion constant of THO in 1% agar was slightly lower than that 
of the THO alone. Since the epidermis of the petiole sec­
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tions used In the latter half of the experiments was allowed 
to be in contact with the tritiated agar, THÛ recovered there­
from was hence more than those of the sealed epidermis petiole 
sections. 
Essentially, the results obtained suggest that neither 
the polar movement nor the activated diffusion is responsible 
for the THO in excised petiole sections, and the pattern of 
such THO transport can be best explained by the model involv­
ing self-diffusion of THO. 
D. THO Movement in Intact Soybean Plants 
Initial studies of the THO movement in the intact soy­
bean plants under the semi-closed system were reported in 
Expts. B,l-5. In general, radioactivity of THO detected in 
the petiole and stem sections was less than 1.% of the total 
activity of the trifoliate leaf for the light movement and 
was several times higher for the dark movement plants. The 
activity profile of THO declined rapidly within the petiole 
section; however, slightly higher activity was observed in 
certain sections of the plant, such as the stem portions 
where the node and branches were located and the hypocotyl 
region. Such observations can be explained in terms of the 
anatomy of the plant, as additional volume for water was con­
tributed from the remaining unexcised portions. The distribu­
tion of T-photosynthate presented a better activity gradient 
116 
than that of the THO. For the same reason described above, 
higher activity of T-photosynthate was detected along the 
noded stem portions in most cases. Since no light was sup­
plied to the dark movement plants, total activity of T-photo­
synthate was far less than that of light movement. 
The data obtained from Expt. B-6 showed that the elimin­
ation of the entire petiole section from the feeding chamber 
resulted in a great reduction of the amount of THO recovered 
from the petiole sections of the soybean plants. It sug­
gested that the direct diffusion of the THO-vapor through 
the petiole stomata within the feeding chamber was actually 
responsible for the higher THO activity recovered from the 
soybean petiole sections in Expts. B,l-5. Results obtained 
from Sxpts. C,2-4 indicated that under the normal pattern of 
distribution of THO and T-photosynthate, only trace amounts 
of THO-vapor could be detected outside of the petiole. How­
ever, the data obtained from Expt. C-1 was in disagreement 
with the others; the water of the petiole exchanged in a sig­
nificant amount with the surrounding moisture via the stomata. 
The distribution of THO and T-photosynthate suggested the 
occurrence of a mass flow movement. It is then possible for 
the THO along the petiole section to exchange with its sur­
rounding water vapor. However, such phenomenon was quite 
abnormal and thought to have arisen, possibly, from injury to 
the petiole at the chamber wall. To duplicate such results. 
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studies of the distribution of THO and T-photosynthate in a 
soybean plant injured by steaming were undertaken. However, 
results obtained from such an experiment, Expt. E-3, were 
negative. Little or no T-photosynthate was observed along 
the petiole section, and translocation essentially ceased. 
Similar results were reported by Aronoff (2) that the flow 
will not occur out of the leaflet if the petiole has been 
steamed locally. The cause for the occurrence of the mass 
flow reported in Expt. G-1 was not determined. It is possible 
that stimulation, resulting from the direct physical damage 
to the soybean plant prior to the feeding experiment, might 
have been responsible for the mass withdrawal of THO from the 
leaflet. The results from this section of experiments sug­
gest that the soybean petiole can allow the exchange of water 
freely with outside moisture. Moreover, little or no THO 
leaks through the stomata since, in the normal pattern of THO 
movement in the plant, the THO of the leaflet was never pres­
ent at any significant distance from the leaflets. 
The results obtained from Expts. D,l-3 in the petiole 
feeding experiments showed the recovery of some THO from the 
leaflets. An activity gradient was observed along the fed-
petiole section. It was apparent that the activity profile 
formed depended directly on the total time of THO administra­
tion as well as on the light period. Expt. D-3 showed that, 
in the absence of light, only a relatively small amount of 
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THO was recovered from the leaflet, and the activity peak was 
located in the petiole section 2 cm away from the leaflet. 
Under the same feeding condition in the light, a similar 
gradient was obtained except that slightly higher THO activ­
ity was observed in the leaflet. Since a slow upward activ­
ity gradient was observed along the petiole fed, it seemed 
that the diffused THO-vapor exchanged rapidly inside the 
petiole and was either carried up to the leaflet by the slow 
transpiration stream in the xylem or forced up by root pres­
sure. On the other hand, there was no indication that the 
diffused THC-vapor was carried down through the phloem to the 
region outside of the petiole chamber. With the presence of 
light, the leaflet can convert the absorbed light into heat 
energy, and the rate of transpiration consequently might be 
accelerated. 
Under the closed system, distribution of THO and T-
photosynthate in soybean plants was similar to that obtained 
under the semi-closed system. It was observed that slightly 
higher amounts of THO were recovered from the soybean petiole 
of the dark experiments than that of the light, but the dif­
ference was insignificant. Recently, Raney and Vaadia (42) 
reported that the rate of THO taken up by the roots of Heli-
anthus plants was slower in light than in dark. They sus­
pected that the lateral diffusion of THO in the root system 
might have been restricted in some way when the experiment 
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was performed in the light. However, it is difficult to 
understand how the rate of THO lateral diffusion may be re­
duced within the similar root system with the presence of 
light. It appears that the light or other factors related to 
light may be responsible for the slowness of the THO uptake 
in plants. 
It is known that mitochondria are an energy source in 
cells, since the high-energy compound, ATP, is formed as a 
result of the respiration inside the cytoplasmic organelles. 
The changes of mitochondrial shape and volume have been 
described as related to the energy-conserving mechanisms of 
the respiratory chain. When the isolated mitochondria are 
allowed to respire in the absence of phosphate acceptor, 
i^e. ADP, they tend to take up water while undergoing the 
swelling. Under such conditions, the rate of respiration is 
relatively low. Addition of ADP greatly stimulates the respi­
ration, and the turbidity of the mitochondria also increases. 
Such a process is termed a swelling-contraction cycle. Cessa­
tion of respiration or phosphorylation stops the active water 
uptake of the mitochondria. Compounds such as inorganic phos­
phate and Ca"*"^, closely associated with the action of respira­
tory chain, are swelling agents. Respiration and phosphory­
lation may become inactivated after prolonged or extreme 
swelling, and consequently, the mitochondria fail to contract. 
The addition of ATP under the proper medium will cause the 
120 
extrusion of water from the swollen mitochondria (32a). If 
the cyclic swelling and contraction of the mitochondria 
causes a pumping action which Initiates the transport of 
water in plants, light may be involved as an inhibitor to 
the process. With the presence of light, photophosphoryla-
tion occurs during the process of photosynthesis. The ATP 
subsequently formed may inhibit the respiration inside the 
mitochondria. Thus, the rate of water transport is somewhat 
reduced. 
On the other hand, the rate of transpiration in the dark 
was slightly slower, as indicated by the results obtained in 
fîxpts. D,l-3» The irrigation of the transport system by up­
ward moving water of transpiration should therefore affect 
the light THO movement more than that of the dark. An esti­
mate for the rate of transpiration was made by using Gage 
and Aronoff's method (20). Under the most favorable condi­
tion, the maximum expected transpiration rate would be about 
0.02 ml/hr/cm^ of leaf area measured on one surface. With 
the assumption that the approximate area of the average leaf­
lets in the experiments was about 15 crn^, the maximal rate of 
transpiration was calculated to be 0.3 ml/hr. The maximal 
linear velocity was 300 cm/hr if the xylem cross-section area 
-3 ? 
of the soybean petiole is assumed to be 1 x 10 cm , a very 
conservative estimate. The solute would be moving downward 
at a speed of 60 cm/hr, as would the THO. With these figures, 
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the maximum dilution factor was calculated to be approxi­
mately five. With the leaflet maintained at a water-saturated 
atmosphere, the transpiration rate would have been reduced by 
at least 10-fold. Therefore, transpiration does not appear 
to be an important factor. On the other hand, the possible 
push-back of THO resulting from root pressure should not be 
overlooked. To determine the latter effect, experiments are 
underway to study the distribution of THO and T-photosynthate 
of the root-excised soybean plants. With the elimination of 
the root pressure, a different pattern of THO and T-photosyn­
thate distribution should be obtained if the effect is of any 
significance, Kramer (27b) has studied the effect of gutta-
tion. He reported that, in working with five species includ­
ing tomatoe and sunflower, the exudation rates were about 4 to 
5 percent of the rates of transpiration. Finally, it should 
be mentioned that concentrated sucrose solution could actually 
drag the solvent to flow along (4^); however, such means of 
THO transport should not be significant in our case. 
Raney and Vaadia (41) recently reviewed their work in 
the transpiration experiments of THO in both Helianthus and 
Nlcotlana. Their data favored the theory of a sizable pool 
of water in the leaf which was accessible for turnover. A 
similar result was reported by Biddulph et aJ. (7). In the 
work involving the determination of specific activities of 
sugar and THO (3), the result obtained also favored the 
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existence of a single aqueous pool. Thus, the specific activ­
ity of the sugars never exceeded, that of the THO because 
labeled sugars were synthesized from the THO of the single 
equilibrated pool. If we assume that there is a 10/^ sucrose 
solution inside the leaflet to be translocated, then on the 
basis of mass flow theory, the total THO activity recovered 
throughout the petiole and stem regions should be at least 
15 times that of the T-photosynthate. Among the transport 
models outlined in Section IV-B, activity calculated for the 
model of THO transport is far more than what is actually re­
covered from the THO of plants. On the other hand, the model 
of self-diffusion of THO with a radius of 50^ diffusion path 
appears to be a better model for the description of the THO 
transport in soybean plants. Activity predicted by this 
model compares favorably with the experimental data. The 
results show that the major activity of THO found in the stem 
is almost as readily attributable to movement in the dark as 
in the light. With the assumption that the effect of root 
pressure and transpiration is of the order of magnitude indi­
cated above, it appears that the mass flow theory would not 
be significant in photosynthate translocation. 
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VII. APPENDIX A 
Table 32. Theoretical distribution of THO activity by the 
self-diffusion model 
Average value of C/C q 
per every 0.2964 mm. 
^ section 
X X in mm. 1 -W(X) = C/Cq (curve assumed linear) 
0 
0.01 
0.05 
0.10 
0.15 
0 . 2 0  
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
.95 
.00 
.05 
.10 
.15 
.20 
.25 
.30 
'P 
.40 
0 
0.0593 
0.2964 
0.5928 
0.8892 
1.1856 
1.4820 
1.7784 
2.0748 
2.3712 
2.6676 
2.9640 
3.2604 
3.5568 
3.8532 
4.1496 
4.4460 
4.7424 
5.0388 
5.3352 
5.6316 
5.9280 
6.2244 
6.5208 
6.8172 
7.1136 
7.4100 
7.7064 
8.0028 
8.2992 
1.0 
0.98872 
0.94363 
0.88754 
0.83200 
0.77730 
0.72367 
0.67137 
0.62062 
0.57161 
0.52452 
0.47950 
0.43668 
0.39614 
0.35797 
0.32220 
0.28884 
0.25790 
0.22933 
0.20309 
0.17911 
0.15730 
0.13756 
0.11979 
0.10388 
0.08969 
0.07710 
0.06599 
0.05624 
0.04771 
0.97181 
0.91556 
0.85972 
0.80459 
0.75040 
0.69743 
0.64588 
0.59599 
0.54793 
0.50198 
0.45794 
0.41626 
0.37690 
0.33993 
0.30536 
0.27321 
0.24346 
0.21606 
0.19096 
0.16807 
0.14730 
0.12856 
0.11172 
0.09667 
0.08329 
0.07146 
0.06103 
0.05190 
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Table 32. (continued) 
Average value of C/Cq 
per every 0.2964 mm. 
Y section 
X X in mm. 1 - Ç(^) = C/Cg (curve assumed linear) 
1.45 8.5956 0.04030 0.04394 
1.50 8.8920 0.03389 0.03704 
1.55 9.1884 0.02838 0.03108 
1.60 9.4848 0.02365 0.02597 
1.65 9.7812 0.01962 0.02160 
1.70 10.0776 0.01621 0.01788 
1.75 10.3740 0.01333 0.01474 
1.80 10.6704 0.01091 0.01209 
1.85 10.9668 0.00889 0.00988 
1.90 11.2632 0.00721 0.00803 
1.95 11.5596 0.00582 0.00652 
2.00 11.8560 0.00468 0.00524 
2.05 12.1524 0.00374 0.00421 
2.10 12.4488 0.00298 0.00336 
2.15 12.7452 0.00236 0.00267 
2.20 13.0416 0.00186 0.00211 
2.25 13.3380 0.00146 0.00166 
2.30 13.6344 0.00114 0.00130 
2.35 13.9308 0.00089 0.00102 
2.40 14.2272 0.00069 0.00079 
2.45 14.5236 0.00053 0.00061 
2.50 14.8200 0.00041 0.00047 
2.55 15.1164 0.00031 0.00036 
2.60 15.4128 0.00024 0.00027 
2.65 15.7092 0.00018 0.00021 
2.70 16.0056 0.00013 0.00016 
2.75 16.3020 0.00010 0.00012 
2.80 16.5984 0.00008 0.00009 
2.85 16.8948 0.00006 0.00007 
2.90 17.1912 0.00004 0.00005 
2.95 17.4876 0.00003 0.00004 
3.00 17.7840 0.00002 0.00003 
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Table 33» Fortran program for the mass flow transport of THO 
WHITE OUTPUT TAPE 2,202 
202 F0BMAT(1H1,3X, 81H SOLUTION OF A FLOW TO PASS THROUGH A 
IPIPE WITH REVERSIBLE LOSS THROUGH THE WALLS) 
2 READ INPUT TAPE 1, 1, AKl, AK2, T, V 
1 FORMAT( 4F10.0 ) 
3 READ INPUT TAPE 1, 1, XMIN, XMAX 
4 READ INPUT TAPE 1, 1, EPSL, EPSN 
100 WHITE OUTPUT TAPE 2, l6, AKl, AK2, T, V 
16 PORI^iAT( 4F15.8 ) 
101 X = XMIN 
5 Y = AKl * X / V 
Z = AK2 * ( T - X / V ) 
6 EPYZ = EXPF ( -Y-Z ) 
102 WRITE OUTPUT TAPE 2,201,X,Y, Z, EPYZ 
201 POm^AT(lHO,3P15.8, E20.8) 
103 SUMl = 0 
104 FN = 0 
105 SUM2 = 0 
107 PL = 0 
126 IF ( FN ) 8, 7, 8 
7 CON = 1.0 
17 CLN =1.0 
106 GO TO 110 
8 CON = CON * Y / FN 
108 CLN - CON 
130 GO TO 110 
9 CLN = CLN * Y * Z / ( PL * ( PL + FN ) ) 
110 SUM2 = SUM2 + CLN 
111 IF ( CLN - EPSL ) 114, 114, 112 
112 IF ( FL - 35.0 ) 10, 114, 114 
10 FL = FL + 1.0 
113 GO TO 9 
114 SUMl = SUMl + SUM2 
115 IF ( FN ) 117, 11, 117 
11 EPQ = EPYZ * SUM2 
116 WRITE OUTPUT TAPE 2, 203, SUM2, EPQ 
203 FORIMT( 3E20.8 ) 
117 IF ( SUM2 - EPSN ) 120, 120, II8 
118 IF ( FN - 40.0 ) 12, 120, 120 
12 FN = FN + 1.0 
119 GO TO 105 
120 WRITE OUTPUT TAPE 2,203, SUMl 
13 SUMX = EPYZ * SUMl 
14 SUMT = 1.0 - SUMX 
15 SUMZ = SUMT + EPQ 
121 WRITE OUTPUT TAPE 2, 203, SUMX, SUMT, SUMZ 
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Table 33» (continued) 
18 ACP = .0628 SUMZ OR ACP = O.OO7789 SUMZ 
19 ACT = 3.0788 * SUMT CR ACT = 3.I338O SUMT 
20 TOT = ACP + ACT 
150 WRITE OUTPUT TAPE 2, 203, ACP, ACT, TOT 
122 IF ( X - XMAX ) 123, 125, 125 
123 X = X + 1.0 OR X = X + 0.1 
124 GO TO 5 
125 STOP 
END 
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Table 3^« Theoretical distribution of THO activity by the 
mass transport model 
Average value of 
C/CQ per every 
1 mm, section 
X in (curve assumed 
mm. X=(ApCp+AtCt)/Co X/2.9635630=C/Co linear) 
0 2.9635630 1.0 
1 2.8383922 0.9577634 0.9788817 
2 2.7030394 0.9120911 0.9349273 
3 2.5609036 0.8641300 0.8881105 
4 2.4145991 0.8147622 0.8394461 
5 2.2664320 0.7647659 0.7897641 
6 2.1184000 0.7148152 0.7397906 
7 1.9721987 0.6654823 0.6901488 
8 1.8292401 0.6172435 0.6413629 
9 1.6906701 0.5704856 0.5938646 
10 1.5573920 0.5255134 0.5479995 
11 1.4300909 0.4825580 0.5040357 
12 1.3092575 0.4417850 0.4621715 
13 1.1952155 0.4033036 0.4225443 
14 1.0881424 0.3671737 0.3852386 
15 0.9880927 0.3334138 0.3502937 
16 0.8950200 0.3020081 0.3177109 
17 0.8087918 0.2729120 0.2874600 
18 0.7292112 0.2460589 0.2594854 
19 0.6560291 0.2213650 0.2337120 
20 0.5889558 0.1987324 0.2100487 
21 0.5276756 0.1780545 0.1883934 
22 0.4718557 0.1592191 0.1686368 
23 0.4211534 0.1421105 0.1506648 
24 0.3752221 0.1266118 0.1343612 
25 0.3337189 0.1126073 0.1196096 
26 0.2963081 0.0999837 0.1062955 
27 0.2626641 0.0886312 0.0943074 
28 0.2324741 0.0784441 0.0835376 
29 0.2054425 0.0693228 0.0738835 
30 0.1812843 0.0611711 0.0652469 
31 0.1597376 0.0539005 0.0575358 
32 0.1405533 0.0474271 0.0506638 
33 0.1235089 0.0416758 0.0445515 
3^ 0.1083904 0.0365743 0.0391251 
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Table Jk. (continued) 
X in 
mm. X=(ApGp+AtCt)/Co X/2.9635630=C/Co 
Average value of 
C/Co per every 
1 mm. section 
(curve assumed 
linear) 
35 0.0949978 0.0320553 0.0343148 
36 0.0831578 0.0280601 0.0300577 
37 0.0727049 0.0245329 0.0262965 
38 0.0634924 0.0214244 0.0229786 
39 0.0553862 0.0186891 0.0200567 
40 0.0482570 0.0162834 0.0174862 
41 0.0420011 0.0141725 0.0152280 
42 0.0365138 0.0123209 0.0132467 
43 0.0317129 0.0107009 0.0115109 
44 0.0275146 0.0092843 0.0099926 
45 0.0238480 0.0080471 0.0086657 
46 0.0206506 0.0069682 0.0075076 
4? 0,0178646 0.0060281 0.0064981 
48 0.0154404 0.0052101 0.0056191 
49 0.0133363 0.0045001 0.0048551 
50 0.0115026 O.OO38814 0.0041907 
51 0.0099142 0.0033454 0.0036134 
52 0.0085387 0.0028812 0.0031133 
53 0.0073472 0.0024792 0.0026802 
54 0.0063171 0.0021316 0.0023054 
55 0.0054275 O.OOI8314 0.0019815 
56 0.0046595 0.0015723 0.0017018 
57 0.0039961 0.0013484 0.0014603 
58 0.0034257 0.0011559 0.0012522 
59 0.0029372 0.0009911 0.0010735 
6o 0.0025147 0.0008485 0.0009198 
61 0.0021476 0.0007247 0.0007866 
62 0.0018355 0.0006194 0.0006720 
63 0.0015675 0.0005289 0.0005741 
64 0.0013378 0.0004514 0.0004902 
65 0.0011411 0.0003850 0.0004182 
66 0.0009731 0.0003283 0.0003567 
67 0.0008287 0.0002796 0.0003040 
68 0.0007056 0.0002381 0.0002589 
69 0.0006039 0.0002038 0.0002209 
135 
Table 34. (continued) 
X in 
mm. X=(ApCp+AtCt)/Co X/2.9635630=c/CO 
Average value of 
C/CQ per every 
1 mm. section 
(curve assumed 
linear) 
70 0.0005142 0.0001735 0.0001887 
71 0.0004354 0.0001469 0.0001602 
72 0.0003691 0.0001245 0.0001357 
73 0.0003138 0.0001059 0.0001152 
74 0.0002660 0.0000897 0.0000978 
75 0.0002257 0.0000762 0.0000829 
76 0.0001916 0.0000647 0.0000704 
77 0.0001629 0.0000550 0.0000598 
78 0.0001384 0.0000467 0.0000508 
79 0.0001198 0.0000404 0.0000436 
80 0.0001030 0.0000348 0.0000376 
81 0.0000845 0.0000285 0.0000316 
82 0.0000716 0.0000242 0.0000263 
83 0.0000613 0.0000207 0.0000224 
84 0,0000512 0.0000173 0.0000190 
85 0.0000439 0.0000148 0.0000160 
86 0,0000377 0.0000127 0.0000138 
87 0,0000323 0.0000109 0.0000118 
88 0.0000277 0.0000093 0.0000101 
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VIII. APPENDIX B 
The original differential equations for the Mass Flow 
Model of THO transport are identical with those of Horwitz's 
Flow With Reversible Loss Through the Walls (25). In this 
model, an infinitely large pool of constant specific activity 
is connected to a conducting channel whose walls are permeable 
to water allowing for exchange with the surrounding tissue. 
Equation 1 describes the change of THO concentration within 
any element ^  of the conducting channel, where the symbols 
have definitions as given on pages 112-113. The first term 
on the right accounts for the change in concentration as a 
result of THO transport in the channel, while the second term 
refers to the transfer of THO between the channel and its 
surrounding volumes. For the tissue surrounding the conduct­
ing channel and contained within the element we have the 
following: 
The solution of these differential equations is identical to 
that of Schumann's (44) heat transfer problem as described on 
page 111. 
( 1 )  
- V (Cp - G^) 
( 2 )  4^ = f- (Cp - Ct) = KgCGp - Ct) 
^ U u 
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The infinitely large pool and the diffusion path or con­
ducting channel described in both Models I and II are pictured 
as the leaflet(s) and petiolar tissues of the soybean plant, 
respectively. 

